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Problem: Chrysler Corp., Dodge Division, new uni- U.S. Motors field engineers chose VARIDYNE over a 
tized body assembly lines required linkage of three d.c. system because: initial start-up is simplified; 
variable-speed, continuous motion conveyors—stub — instantly synchronous without warm-up; needs no 
frame overhead, main assembly pedestal and final synchronizing readjustments; there is no cumulative 
assembly flattop. At transfer point, shown above, pin error; and maximum reliability is assured by use of 
in conveyor must match hole in frame with no _ standard a.c. motors. VaRwyYNE varies the frequency 
cumulative error. of a.c. current to these motors, converting them to 
Solution: U.S. Varnipyne a/c Drive System with adjustable speeds. Write today for Varnwyne Bro- 
LinkSync control. Chrysler engineers working with chure F-19638. 


U.S. ELECTRICAL MOTORS INC. 


P. O. Box 2058, Los Angeles, California or Milford, Connecticut 
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“Bodine Motors are 
DEPENDABLE” 


Massa, A division of 
Cohu Electronics, Ine. 





‘‘We tested several makes of fractional horsepower motors to power our 
12-channel rectilinear recorder and selected Bodine Motors for these reasons 
... dependability . . . quietness of operation . . . superior design . . . quick 
delivery ... better packaging .. . company reputation. Also we wanted a 
motor that had a high starting torque. This torque is necessary to attain 
the instantaneous chart speeds required of our recorders. We found Bodine 
Motors to have excellent starting torque.” 


... Ernest A. Massa, vice president 
Massa, A division of 
Cohu Electronics 


Here's the Massa 12-Channel 
Recorder...powered by a Bodine 
Fractional Horsepower Motor 
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This direct writing oscillographic 
recorder can record 12 signals 
simultaneously! Its chart driving 
mechanism is powered by a 
Bodine, synchronous, split phase, 
reducer motor (see arrow). A 
clutch arrangement makes it 
possible to obtain 18 different 
synchronous chart speeds. 








Rear interior view 


3500 standard built-to-order BODINE MOTORS! 
300 stock BODINE MOTORS! 


SO DINE 


fractional a horsepower 


FREE...16-page bulletin on speed reducer motors 


More than 50 pictures, drawings and tables give de- 
tailed information on the Bodine line of worm gear 
speed reducer motors. A special section discusses, 

"factors in the application of speed reducer motors.” M ¢) i 2 ©) i oS 
Also included is a ‘'characteristic chart’’ on various ; 
motor types. Ask for Bulletin 1022B, Bodine Electric ... the power behind the leading products 
Company, 2508West Bradley Place, Chicago 18, Illinois. : 
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See more 
at WESCON 
Booths 1008-9 


BANDOLUG* 
high speed automatic 
harness fabrications 


high production rate—up to 
1000 per hour...one machine 
installs all size and tongue 
variations on wire sizes #26-#12 
... Stud holes from 2 thru 34”... 
minimum operator training 

and maintenance 


Burndy INSULUG® is insulated, pure 
electrolytic copper...meets or exceeds 
requirements of MIL-T-7928C... 

accommodates full range from #26-2/0 





HYDENT TERMINALS 
with MATCHING INSTALLATION TOOLING 


HYTOOL 


bench-mounted and 
manually-operated 





ratchet or full cycling control 
guarantees uniform, complete 
crimp on each installation... 
on MR8, one die set with 
multiple grooves designed for 
conductor sizes #26-#10... 
M8ND & Y8ND have remov- 
able and interchangeable dies 
and same basic too] may also be 
used for HYFEN®, STAPIN®, 
and MODULOK® contacts. 








QMATON DIVISION 


URNDY. 


@ BICC—BURNDY Ltd. Lancs., Engiand @ in Continental Europe: Antwerp, Belgium @ TORONTO, CANADA 
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| Front Cover: Friction discs and elec- 

| tric coil are the key elements in 

i artist George Farnsworth’s image 
of electromagnetic friction clutches. 
Factors in  electromagnetic-clutch 
selection and application are dis- 
cussed by Bob Kotnik in his orticle 
beginning on Page 113. 
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News Report—Spurred on by go-kart enthusiasts, manufacturers of small gasoline 


| powerplants have come up with some amazing engine-design innovations 


Preparing a Design Handbook. ............ 4104 


R. W. BECKIM—A step-by-step guide for producing a handbook that meets the needs of 


a growing engineering group for efficiently distributed design information 


Electromagnetic Disc Clutches ............. W713 


ROBERT L. KOTNIK—How factors of load, torque, heating, cycling, and controllability 


' affect selection of electrically operated and controlled friction clutches 


Vibration Isolation Design... ............ 128 


DENNIS P. HANLEY—A new method for dynamic analysis of displacement-excited 


motions where loads carried by a spring and damper must be determined 


Thermal Stresses in Design... ............ «129 


S. S. MANSON—Port 21: Effect of Mean Stress and Strain on Cyclic Life—How to 


estimate cyclic life of parts which have been subjected to tensile prestrain. 
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GEORGE W. MIDDLETON—A method for isolating a connecting rod from its adjoining 


links so that the amplifying effects of inertia forces can be predicted by calculation. 


Designing with Vinyls . 0... cc ccnnicvecccns SF 


C. W. BULKLEY—Part 2: Vinyl Properties—Engineering data on rigid and nonrigid com 


ounds; effects of environmental conditions on design considerations 
Pp ‘ 


Acceleration * Velocity * Distance * Time ....... 151 


V. F. DeVOST—Data Sheet—A chart for rapidly estimating velocity, displacement, and 





| time at constant acceleration of powered vehicles or free-falling bodies 


Modular Design for Mechanized Assembly ...... 153 


A. ARNOLD LAWSON—Design Abstracts—Basic design concepts for automatically 


y produced modular components and principles of mechanized assembly for modules 
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OF DESIGN 


SPECIFY 


B&W Job-Matched seamless pressure tubing 


B&W’s complete range of sizes and grades, and ability to specify B&W Job-Matched Carbon or Alloy Steel 
to produce long length tubes... Seamless Pressure Tubing. And remember matching tubes 
to jobs assures you long service life, and optimum low 
cost in addition to freedom of design. For more informa- 
tion call your regional local B&W District Sales Office or 
@ simplify procurement of tubing materials write for Bulletin TB-417. The Babcock & Wilcox Com- 
Availability is only one of the many reasons why it pays = pany, Tubular Products Division, Beaver Falls, Pa. 
SEE OUR EXHIBIT 


Steel Arena L 
1960 METAL SHOW | 


BUILO IT BETTER WITH AMERICAS STEE 


THE BABCOCK & W!ILCOX COMPANY 
TUBULAR PRODUCTS DIVISION 


@ permit the choice of the tube best for your job 


@ reduce field fabrication problems 












TA-9054-SP1 
Seamless and welded tubular products, solid extrusions, seamless welding fittings and forged steel flanges—in carbon, alloy and stainless steels and special metals 


August 4, 1960 Circle 406 on Page 19 5 





||DESIGN 
ENGINEERING NEWS 


First Vertical Blind Flyer 











Instrument-flight-rule certification has been issued by FAA for Cessna Aircraft's 


CH-1¢ 
CH.-1¢ 


four-place helicopter. The first 
is equipped with a special control systeni which does not rely on elec- 


copter approved for marginal weather, 


tronic devices to maintain flight stability (many whirlybirds are naturally un- 


stable) 


Certification permits the craft to be operated in weather minimums 


equivalent to those encountered by fixed-wing aircraft of similar capacity. Meet- 


ing FAA all-weather specifications required a two-year test program 


New Theory of Rust: 


Protons Are To Blame 


Tests Show Older Viewpoint 
Doesn't Fit All the Facts 


PrrrssurGH—New experiments on 
corrosion suggest that the true cul- 
prits are hydrogen ions (protons), 
not electrolysis, According to a the- 
ory advanced by Dr. Earl A. Gul- 
bransen and T. P. Copan, scien- 
tists at Westinghouse Electric Corp., 
these basic building blocks of mat- 
ter penetrate iron and enlarge the 
sites at which oxygen normally 
combines with the metal. 

The hydrogen ions, of course, 
come from water vapor. Because 
they pave the way for oxygen to 
attack the metal, they spread the 
reaction throughout the surface of 
the iron, causing it to rust. 

In their experiments, the _re- 


searchers eliminated the conditions 
required for electrochemical reac- 
tions and reduced the complex rust- 
ing of iron to its simplest atomic 


processes. Pure-iron wires, about as 


Electron-microscope photographs taken 
at identical magnification, show effect 
of water vapor on the rusting of iron. 
In a dry-oxygen atmosphere (below) an 
iron-oxide coating forms to protect the 


surface. In a water-vapor atmosphere 


(right) the surface erupts into thin, 
blade-shaped oxide crystals. 





Performance, Clear or Clicudy 


Gross weight, max (lb) .... 3100 
Useful load (Ib) ........ 1035 
Hovering ceiling, at gr. wt. (ft) 9600 


270 @ 3000 
122 


Engine (bhp) ...... 
Speed, max. (mph) 


thick as a fine sewing thread, were 
reacted at 835 F, first with oxygen, 
then with water vapor. Results were 
studied under an electron micro- 
scope capable of magnifying objects 
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WHEN MAXIMUM RELIABILITY AND 
MINIMUM REJECTS ARE REQUIRED 
SPECIFY 
MIDVAC STEELS 





TURBINE 
WHEEL 


@ Stress rupture hours 
increased from 15 
to 100 hours. 


@ Improvement in 
macro etch quality 





Simplified illustration 

of Midvac Process 

of consumable electrode 
vacuum melting. 

Fine electric furnace 
steel electrodes are 
melted in water cooled 
copper ingot mold under 
vacuum of 5 to 50 
microns 





@ Midvac Steels Are Produced By The Midvac 
Process Of Vacuum Consumable Electrode Melting 


@ Midvac super alloy and high strength steels are being 
used for highly critical parts in jet engines, missiles, 
bearings, reciprocating engines and places where high 
reliability is a “must”. The Midvac Process of con- 
sumable electrode melting eliminates atmospheric 
contamination, ingot soundness is improved, segrega- 
tion is reduced, workability is increased and rejects 
are held to an absolute minimum. M-H metallurgists 
are ready to help you select the right alloy to meet 
the specifications of your product. Write to Midvale- 
Heppenstall Company, Nicetown, Philadelphia, Pa. 
Subsidiary of Heppenstall Co., Pittsburgh, Pa. 


BEARINGS 


@ Rejects Reduced 
73% 


e High Level of 


@ Meets higher specifications 

®@ 33% Increase In Elongation 

@ 38% Increase In Reduction 
of Area 

@ Improved Forgeability and 
Fatigue Strength 





Cleanliness 


@ Increased Fatigue 
Strength 





TURBINE 
ROTOR 








@ Improved Tensile Ductility, 
Lower Transition Tempera- 
ture, Higher impact Strength 

@ Higher Magnetic Permea- 
bility 

@ Longer Stress Rupture Du- 

ration 
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@ Polished in 2 to % Time 
Previously Required 

@ Finer Lustre On Finished 
Product Due To More Uni- 
form Grain Structure 





New technical data book on Midvac Process and properties of super alloy steels, 
melted by consumable electrode vacuum melting, now available upon request. 
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ROCKET MOTOR 
CASE 











@ Maximum Cleanili- 
ness 

@ Higher Ductility 

@ Improved Shear 
Forming 
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up to 300,000 times. 

The scientists report that in dry 
oxygen the iron formed a protective 
oxide coating. Out of this grew bil- 
lions of tiny round oxide whiskers 
Each, less than one millionth of an 
inch in diameter and 30 millionths 
high, sprouted from a separate site 
on the wire’s surface. 

When the wires were reacted in 
the water-vapor atmosphere, the 
moisture produced a startling 
change in the oxide surface. From 
the growth sites, thin, pointed, 
blade-shaped platelets of iron oxide 
erupted and spread across the metal 
surface. Shaped somewhat like 


blades of grass, the needles were 
about one millionth inch thick by 
30 millionths wide by 300 millionths 
high. As they grew, they spread 
over an area more than 50 times 
larger than the sites observed with 
dry oxygen alone. The amount of 
iron rust they represented is 250 
times that which forms when water 
vapor (and the hydrogen ions it 
releases) is absent from the reaction. 

The experiments show that less 
than one part water vapor per 200 
parts dry oxygen will cause the 
blade-shaped crystals to form. At 
room temperature this would cor- 
respond to a relative humidity of 
about 3 per cent. 


Ceramic Toroid Mimics Neuron 


Newport Beacn, Caurr. — Self- 
organizing machines (they’re capa- 
ble of “learning”) are being de- 
veloped by Aeronutronic Div., Ford 
Motor Co. They’re based on a 
nerve-like cell called MIND that 
can duplicate some of the functions 
of a human brain cell. 

MIND—short for Magnetic In- 
tegrator Neuron Duplicator—was 
developed as part of research proj- 
ect perceptron (MD, July 7, 1960, 
p. 10). The device is modeled after 
synaptic junctions found in animal 
nervous tissue. 

A MIND cell stores past events 
by increasing or decreasing mag- 
netic flux retained in its circuit. 
Readout of flux is equivalent to “re- 
membering” the electrical pulse that 
caused it. Readout is accomplished 
by applying a magnetic field that 
generates an output voltage similar 
to the input voltage which caused 
the flux residue in the first place. 

A large number of MINDs, wired 
to form a nerve network, can be 
used to learn characteristic inputs 
and respond in a particular manner 
to each. 

Low cost and high-speed response 
of MIND may allow much larger 
nerve-nets than ever before. “But 
we are still a long way from ap- 
proaching the complexity of the 
human mind with its 10 billion 
neurons,” says Ford. That many 
MINDs would stack up 80,000 miles. 

Aeronutronics has been studying 
self-organizing machines and ad- 
vanced components since formation 


& 





of the company in 1956. Develop- 
ment work on the MIND unit was 
supported by the Office of Naval 
Research Information Systems 
Branch, Washington, and Air Force’s 
Rome Air Development Center. In 
part, operation of MIND is based 
on principles of BIAX computer ele- 
ments. 


“We conclude that the hydrogen 
ions in the water vapor enlarge the 
areas of chemical reaction between 
the oxygen and iron and bring 
about the metal’s greatly increased 
corrosion,” Dr. Gulbransen declared. 
“At the lower temperatures at which 
iron usually rusts, this basic reac- 
tion is masked. Complex corrosion 
products are formed and are not 
stable; the corroding metal is often 
removed from the reaction site.” 

The new theory suggests that rust 
can be completely controlled only 
if hydrogen is prevented from enter- 
ing the metal. Growth of localized 
reaction sites must be inhibited by 
suitable alloying elements. 





Storage and readout 





Ceramic core 


pare 4 


winding 


A quarter the size of a penny, MIND, an artificial neuron or brain cell, can 
carry out learning processes. A simple nerve-net made up of a number of MIND 
cells can duplicate some of the decision-making functions of the human brain. 
Each MIND is composed of a toroidal magnetic core with an inner hole through 
which strobe wires are strung. The core is a ceramic ring capped with a metal 


washer and again wound with wires. 


Basic operation of MIND can be de- 


scribed in four steps: 1. Electrical pulse received by storage winding (the fact). 
2. Residual flux remains stored in ceramic core (the memory). 3. Magnetic field 
created by strobe circuit (the question). 4. Readout receives output proportional 


to stored flux (the answer). 
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Link-Belt roller bearings compensate for misalignment of shafts and supports 


Link-Belt Series 400 roller bearings have won a 
reputation as “the designer’s choice.” These self- 
aligning, double-row roller bearings compensate 
for inaccuracies in machining and assembly of 
equipment while maintaining full load capacity 
throughout their long life. Their compactness 
promotes simplicity of machinery design—their 
easy mounting reduces installation costs. 

For complete information on the Series 400 
—and Link-Belt’s complete line of ball and 
roller bearings—send for our Book 2550. It’s 
available at any one of the 40 Link-Belt offices. 


LINK-BELT COMPANY: “Executive Offices, Prudential Plaza, Chicago 1. 


August 4, 1960 


Look under BEARINGS in the yellow pages of 


your phone book. 


Also available in these mountings: 





flanged flanged cartridge hanger 
blocks cartridge blocks blocks 
blocks 


LIN 


SELF-ALIGNING BALL AND ROLLER BEARINGS 





To Serve Industry There Are Link-Belt Plants, Warehouses, District Sales 
Offices and Stock Carrying Distributors in All Principal Cities. Export Office, New York 7; 
Canada, Scarboro (Toronto 13); South Africa, 


Australia, Marrickville (Sydney); Brazil, Sao Paulo; 
Springs. Representatives Throughout the World. 15,113 
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Carburetor Switch Stretches Small-Engine Mileage 


| 


Even upside-down, ao new aircraft-type carburetor for small 
engines is getting up to 20 per cent more mileage on a tank 
of fuel. Its design gives better engine performance, higher 
efficiency, and appreciably longer engine life. Instead of 
the conventional float chamber, this carburetor has a dia- 
phragm, a spring-loaded inlet needle, and a reservoir located 
beneath the venturi. The diaphragm flexes under pressure 
variations within the throat, permitting only the necessary 
amount of fuel into the engine. This eliminates the need for 


New Job for the Gas Turbine 


Scnenectapy, N. Y. — Thirty per 
cent higher speed and 5000 lb addi- 
tional payload will result from con- 
verting a military amphibious land- 
ing craft to gas-turbine power, ac- 
cording to General Electric engi- 
Weight of the powerplant- 
transmission package will be less 
than half of the equipment it re- 
places, and space occupied will be 
reduced by a factor of seven. 

General Electric released these 
performance figures when announc- 
ing shipment of a Model 720 gas- 
turbine engine Jered Industries 
Inc. Jered will install it in a refitted, 
experimental version of the Marine 
Corps LVTP-5 personnel and car- 
go carrier under development for 
the Navy. 

Performance improvements are 
due to the compactness, light weight, 
and high efficiency of the turbine 
and a new transmission system en- 


gineered by Jered. Total weight of 


neers, 


10 








High-speed nozzie 
Udle nozzle 

















overflow devices and permits the gas tank to be remotely 
situated. Further, no fuel pump is required except when the 
tank is situated below the engine. Power Products Div. of 
Tecumseh Products Corp., Grafton, Wis., will use their car- 
buretor primarily for lawn mowers, power tools, and travel- 
ing machinery that encounters rough handling. Eliminating 
the float bowl, they point out, allows a mower to be tipped 
upside-down for cleaning without any flooding or leaking 
It also minimizes the problem of vapor-lock. 








Viewed through the engine-compartment hatch 
the GE gas turbine is mounted athwart-ships, 
above and parallel to the transmission system 
The engine occupies only 9 cu ft of space, as 
opposed to 65 cu ft for the conventional piston- 
engine powerplant. Total weight of the engine- 
transmission package is under 3200 Ib; it re- 
places more than 6500 Ib of equipment. 
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Photo courtesy Chelsea Products, Inc. 


Aristoloy Leaded Steel provides 


free machining for |Chelsea Products, Inc. 


Steel for gears used in power take-off assemblies Strength and hardness are not affected and the 
must have uniform hard surface, high tensile finished part reveals no detectable difference in 
strength and yet machine freely. Aristoloy Leaded* physical properties from steel previously used. 


users have benefited from these qualities. For complete information call the 


Chelsea finds more gears can be cut from leaded Copperweld representative in your 
Aristoloy before the hob needs sharpening. Pro- nearest large city... or write today 
duction can be improved and speeds and feeds for New Products & Facilities Catalog. 
increased over non-leaded steel. *Inland Ledloy License 


TT 


| i COPPERWELD 
need STEEL COMPANY 


1 $] 


I 
ae 
ie 





DIVISION OF 





ARISTOLOY STEEL DIVISION + 4017 Mahoning Ave., Warren, Ohio + EXPORT: Copperweld Steel international Co., 225 Broadway, New York 7, N. Y. 
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the engine-transmission combination 
» «ss than 3200 lb, compared to 
. 300 Ib for a piston-engine power- 
plant system. Space occupied will 
be 9 cu [ft (down from 65 cu ft). 
Reduced size, combined’ with 
athwart-ship installation of the pack- 
age, enlarges the amphibian’s cargo 
volume by 210 cu ft (33 per cent). 


Government Ups Priority 
On Materials Research 


Will Finance $6 Million 


Research Center at Cornell 


Irnaca, N. Y.—The cost of develop 
ing new materials is expected to 
jump several hundred-fold in the 
next four years. The Federal Coun- 
cil on Science and Technology an 
nounced a year ago that research 
in materials should be given higher 
priority. The Council further 
thought that progress could best be 
made by universities—the tradition 
al seat of basic research. 

Responsibility for setting up a log 
ical program was assigned to the 
Advanced Research Projects Agency 
(ARPA), in June 1959. After a sur 
vey of universities interested in the 
program, ARPA has announced the 
signing of three long-range con- 
tracts. Ultimately ARPA expects to 
support materials research at the 
rate of $17 million a year. Initial 
contracts are for only $3.5 million 
a year, however, nearly all of it to 
be sperit on equipment. 

The largest contract, with Cornell 
University, is for $6 million over 
the next four years, to be used in 
establishing the Cornell Materials 
Research Center. The university has 
Sproull 
as director of the new center. 

Initially, the Laboratory of 
Atomic and Solid-State Physics will 
comprise the greatest single part of 
the center. Scientists from the De 
partment of Chemistry will also form 
a large part of the center, with both 
graduate students 


appointed Professor R. L. 


professors and 
working there. 

Other contracts have been signed 
by University of Pennsylvania and 
Northwestern University for $4.4 
million and $3.4 million respectively. 
Each of these agreements is for four 
years of materials research. 


Powder Particles Perfectly Round 


Magnified here about fifty times, spherical particles 
comprising a new line of metal powders have a uni- 
formity rate of 98 per cent. Ranging in size from 
20 to 50 microns, they are produced in a totally inert 
atmosphere. Starting material for the powders, says | 
Union Carbide's Linde Div., is 1/16-in. wire of uniform 
cross section. The finished powders are free from voids, 
cavities, and inclusions, and when required, can be 
supplied free from surface oxidation. The company 
suggests a variety of uses: 
* Improved solid-fuel rocket propellants. The addi- 
tion of spherical aluminum powder will improve burn- 
ing stability and produce significantly higher thrusts. 
* Easier to handle highly reactive powders. Spheri- 
cal particles offer the lowest possible surface-to- 
volume ratio, thus decreasing surfaces available for 
reaction 
* Improved sintered parts. Addition of about 20 
per cent of spherical particles to an otherwise an- 
gular powder improves its flow properties, gives better quality parts. 

Because porosity can be controlled, better filters, porous piston rings and 
ther sintered components can be produced. 

The powders, available in limited quantities, are being produced of copper, 
aluminum, nickel, tungsten, and some steel alloys. Other materials can be pre- 
pared in this form as the need arises, and it is hoped that materials will soon 
be available with particle sizes below the present 20-micron limits. 





Size and Cost Minimized in New Digital Computer 














Designed for on-line or off-line applications, a new solid-state digital computer 
performs equally well as an engineer's desk-side assistant, or as an on-line 
computer for process monitoring, process control, data logging, and alarm gen- 
eration. A serial, binary, single-address machine, it uses an internally stored 
program, has microsecond speed. Packard Bell Computer Corp., Los Angeles, 
who developed the $30,000 machine, claims it has capabilities ordinarily found 
in much larger computers ($200,000 plus). The PB unit has a memory of 1808 
words (word 21 bits plus sign) expandable to 15,888 words internally. 
Additional 16,384 words of core memory are available. Standard equipment 
includes automatic typewriter with paper-tape reader and punch. Full range of 
optional accessories are available, including magnetic tape units, analog-to-digital 
and digital-to-analog converters. 
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> Extra heavy outer race for 
» heavy rolling loads. Also | 
| available in double row type. | 





Specially designed to withstand heaviest rolling and shock 
loads, Torrington Track Rollers and Cam Followers are 
at the heart of take-off and landing procedure on all the 
new commercial jets. 


Tremendous speeds and carrying capacity of jet aircraft 
impose heavier than ever loads on the flaps, yet their oper- 
ation must be smooth, efficient, 100% sure. Torrington 
engineers developed larger, tougher track rollers and cam 
followers... bearings specially designed for performance 


progress through precision 


earrne 


7O7 


, 


Heavy outer race, integral 
stud permit cantilever mount- 
) ing for use as track roller. 


and the utmost in dependable commercial jet service. 


Track rollers and cam followers, compact and light in 
weight, offer maximum radial capacity in minimum cross 
section. A full complement of small diameter rollers in- 
sures minimum starting and running friction. 


Torrington aircraft bearings are manufactured to the high- 
est standards in the industry. For further information or 
application assistance, write or call Torrington—maker of 
every basic type of anti-friction bearing. 


TORRINGTON BEARINGS 





THE TORRINGTON COMPANY 


August 4, 1960 


Torrington, Conn. *« South Bend 21, Indiana 
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Sixth Mechanisms Conference Set for October 10-11 


Larayetre, Inp.—After a one-year 
breather, leading authorities on 
mechanisms design and application 
will convene this fall on the Pur 
due University Campus for a two- 
day session. 

Like the five preceding Confer- 
ences (the last was held in 1958), 
the sixth will be co-sponsored by 
Macuine Design and Purdue’s 


School of Mechanical Engineering 
It will feature the usual varied pro- 
gram, ranging from practical every- 
day application of mechanisms to 


Dialing Digital Data 


advanced concepts in design. 

Since its inception in 1953, the 
Conference has emerged as the prin- 
cipal meeting ground of its kind 
in the U. S. It is rivaled only by 
similar European conferences, and 
leading figures in the European 
groups invariably attend the Pur- 
due-MacuineE Desicn sessions, often 
as participants. 

Complete details of the Confer- 
ence will appear in the news pages 
of Macuine Desicn during the com- 
ing weeks. 





if you're properly equipped, you can now phone-in your data and let ‘‘central 


do the calculations—automatically 


Business Machines Corp. lets remote equipment converse with a 
computer or business machine over existing telephone lines. 


A new system developed by International 


centralized 
Fixed data are 


fed from prepunched cards, variable information is added manually on a key- 


board 


Once contact is established with the remote location, the telephone 


at the computer end of the line punches transmitted data into cards auto- 


matically, with minimum operator attention 


new operating economy and efficiency to every business with decentralized 


operations, regardless of size 


Mighty Fine Wire 


Wire with a tensile strength of 575.,- 
000 psi has been produced by com- 
mercial methods. Over 4000 miles 
were made on the first trial run by 
National Standard Co., Niles, Mich. 
The wire, with 0.005 in. diam, is 
high-carbon steel (0.90 per cent car- 
bon). Both military and civilian ap- 
plications are expected 


IBM claims the system will offer 





Ground-Bound Astronauts 
Gain Re-entry Skills 


Dattas—Returning from “space” 
for about the four-hundredth time, 
a vehicle makes its lunar re-entry at 
2500 mph and slows by dipping 
into the earth’s atmosphere. Out- 
growth of more than a year and a 
half of research at Chance Vought 
Astronautics Div., such lunar-mis- 
sion “re-entries” are being accom- 
plished almost daily with an intri- 
cate space-flight simulator that 
never leaves the ground. 

The simulator looks like the cock- 
pit section of a one-man space ship 
and it has an impressive array of 
instruments suitable for missions in 
space. A roomful of computers, in- 
cluding 350 amplifiers and 10,000 
vacuum tubes, calculates the ship’s 
responses to the pilot’s control. Re- 
sults are reflected in gages showing 
rocket thrust, fuel level, vehicle tem- 
perature and attitude, gravity forces 
and vehicle speed. Four plotters and 
18 recorders plot each flight to pro- 
vide a record of the pilot’s progress 

Characteristics for the simulator 
have been taken from a winged 
craft of triangular shape having a 
high lift-drag ratio. In “flying” it, 
the pilot must avoid plunging too 
deeply into the earth’s atmosphere 
and overheating, or grazing the at- 
mosphere too thinly and skipping 
out into a new orbit. In the former 
cdse, the plane would burn up, and 
in the latter case it may have to 
wait up to five days in orbit before 
it has another chance at re-entry. 

The division is planning simula- 
tors for more advanced missions. 
One new model, now in the plan- 
ning stage, will be of a maneuver- 
ing type to improve the pilot’s ap- 
preciation of the vehicle’s attitude. 
Projected earth, horizon, and star 
displays: will give him a realistic 
look at outer space and provide new 
visual references. 

The company believes that simu- 
lation will play a major role in space 
training. J. R. Clark, general man- 
ager of the Astronautics Div. com- 
ments, “Unlike the aircraft pilot, 
the first space pilot will have no 
dual instruction and little step-by- 
step flight training to prepare him 
for his mission.” He will be faced 
with all the problems of outer space 
on his first mission and he must 
be right, or he is lost. 
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Topics 


We all don’t have to scream for 
ice cream any more—all it takes is 
the push of a button. Punched cards 
are the “recipes” from which electronic 
equipment measures out proper 
amounts of ingredients from storage 
and mixes them, pasteurizes, homogen- 
izes, and cools the ice cream. Cleaning 
of lines, valves, and tanks is also done 
automatically. The equipment, engi- 
neered by Brown Instrument Div. of 
Minneapolis-Honeywell Regulator Co., 
is being used by H. P. Hood & Sons 
in Boston. 

e ee 

Oil that doesn’t mix with other 
oil, but stays underground in a jellied 
form, may be extracted by an oil-well 
heater being developed by Raytheon 
Co. The heater uses special electronic 
generators in the microwave band; 
microwaves emitted are expected to 
provide quick-acting, penetrating heat 
to make the oil flow. If the Raytheon 
heater works, it has a busy future— 
some 180 billion barrels of oil in the 
U. S. are inaccessible to conventional 
equipment. 

e ee 

Pen pal: While othezs have been 
worrying through designs of writing 
instruments for use under water and 
on buttered paper, a practical German 
fellow developed a_ ball-point pen 
which carries writing paper rolled up 
in the barrel. 

e ee 


Expendable epidermis of a new plas- 
tic coating protects missile and launch- 
ing-pad components usually destroyed 
during firing. The coating, developed 
by Dyna-Therm Chemical, forms a 
hard ceramic crust which lifts away, 
providing additional insulation. Able 
to withstand direct heat up to 6000 F, 
the coating consists of phosphates and 
boron compounds with a polyurethane 
binder. 

e ee e@ 

Umpire’s best friend may turn out 
to be a TV equipment setup invented 
by Lloyd F. Knight, manager of engi- 
neering services for Servo Corp. of 
America. Cameras flanking the batter 
(to provide the best view of both 
right and left-handed players) and 
another camera located overhead will 
show both the ball’s height and wheth- 
er it passes over the plate. The um- 
pire watches a monitor and can replay 
a tape record of any pitch which is 
disputed. In addition to accuracy, an 
advantage of the electronic equipment 
is that it gets the umpire out of the 
way of the ball and the catcher. 
Cameras could also be set up in the 
stands to help an umpire judge 
whether a runner is safe or out. 
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LEWELLE 


VARIABLE SPEED PULLEYS 
AUTOMATICALLY CONTROLLED 
WITH PNEUMATIC REGULATOR 


Pneumatic regulator mounts adjacent to motor, and connects with 
Adjustable Pulley to vary speeds smoothly over a wide range. 

The regulator is controlled from process instruments, and re- 
sponds precisely to a signal range of 3 to 15 psi. 

The speeds obtained conform accurately to signal pressure 
changes. Speeds are varied, maintained, or repeated with the 
signal pattern. 

Here is a method for controlling the process continuously, using 
the readily automated flexibility of variable speeds. 


Adjustable Pulley equipped with 
lever shifter and operator for 
mounting pneumatic, hydraulic, or 
mechanical regulator. 


Adjustable Pulley equipped with 
lever shifter for any motion control. 





We Welcome Your Inquiry 


Manufacturing Company, Columbus, Indiana 


Distributors in all Industrial Areas 





Circle 411 on Page 19 15 











if miniaturization has put your circuits in a tight spot, you can build reliability right into them with the AMP 
Taper Technique . . . formed taper pins or new solid, pre-insulated taper pins . . . two-piece or molded one-piece 
stackable blocks . . . plus a wide assortment of taper receptacles. 

The AMP Taper Technique offers the most complete line of taper products available plus many extra features. 
A three-and-a-half degree taper assures the firmest fit of pin in block. A-MP Pull-Test Insertion Tools assure the 
proper seating of pins. Hand and Automachine crimping tools assure uniformity of pin attachment to your 
circuit leads. 

And—with the addition to the AMP Taper Technique of the new Solid Pre-Insulated Diamond Grip Taper Pin 
and the new one-piece warp-free block, you can have the greatest flexibility of product choice for your circuit 
design and manufacturing operations. 


You can concentrate more circuits in a smaller space—and be sure of reliability when you use the AMP Taper 
Technique. Send for our new catalog today. 


ANIP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 
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DESIGN] 





Editorial and Advertising content classified by subject and listed by page num- 
ber for convenience when studying specific design problems. For further 
information on subjects advertised, refer to advertisement and circle Item Num- 


ber on a Yellow Card—following page. 





Acceleration, Edit. 151 
Adhesives, Edit. 179, 188 

Alloys, high-temperature, Adv. 42 
Aluminum and alloys, Adv. 167 
Amplifiers, Edit. 172 

Axles, Adv. 77 


Balls, Adv. 39, 184 
Bearings, 
ball, Adv. 9, 21, inside back cover 
miniature, Adv. 177 
roller, Adv. 9, 13, 21, 56, 78, back 
cover 
sleeve, Edit. 180; Adv. 197, 207, inside 
back cover 
Belts, transmission, Adv. 54 
Blowers, Adv. 161 
Books, Edit. 196 
Brakes, Edit. 137, 172, 199, 202; Adv. 59, 
60, 173, 203 
Brazing alloys, Adv. 38 


Bushings, Adv. 44 
ball, Adv. 193 


Cam followers, Adv. 43 
Carbon and graphite parts, Adv. 15 
Carriers, Adv. 204 
Castings, 
centrifugal, Adv. 194 
nonferrous, Adv. 58, 158 


~y 
‘ 


Chain, 
conveyor, Adv. 75 
transmission, Adv. 75, 191 
Clamps, Adv. 182, 209 
Clutches, Edit. 172, 199; Adv. 59, 60, 169, 
173 
electromagnetic disc, Edit. 113 
Coatings, 
decorative, Adv. 65 
protective, Edit. 22, 163; Adv. 64, 204 


Controls, 
hydraulic, Adv. 27, 76, 210 
mechanical, Adv. 165 
pneumatic, Adv. 100 
Counters, Edit. 142; Adv. 181 
Couplings, 
fluid flow, Adv. 155 
shaft, Edit. 189; Adv. 170 
Cylinders, 
hydraulic, Adv. 40, 62, 71, 97, 183 
pneumatic, Adv. 40, 62, 71, 97 


Design handbook, Edit. 104 

Designing with vinyls, Edit. 147 

Diaphragms, Adv. 178 

Drafting equipment, Edit. 194, 195; Adv. 
45, 87, 93, 208 

Drafting techniques, Edit. 135 


Drives, 
adjustable speed, Edit. 176, 183; Adv. 
inside front cover, 168 
magnetic, Adv. 204 


Electric equipment (see specific type) 

Electronic equipment, Edit. 34, 109, 136; 
Adv. 99, 184 

Engineering department (see Management 
or Drafting) 

Engineers, Edit. 22, 39, 40 

Engines, Adv. 89, 176 


Fans, Adv. 98 

Fasteners, 
bolts, studs, screws, Adv. 81, 84, 96, 160 
insert, Edit. 175 
nuts, Edit. 172, 186; Adv. 80, 163, 192 
pin, Adv. 16, 210 
quick operating, Edit. 179; Adv. 55, 91 
stud, Adv. 91 


Felt, Adv. 209 

Filters, Adv. 88 

Finishes (see Coatings) 

Fittings, pipe, tube, and hose, Adv. 33 
Forgings, Adv. 83 


! 
I 
Gages (see Instruments) l 
vaskets, Adv. 4] 
Gears, Adv. 72, 73, 195, 203 
Handles, Edit. 192 
Heaters, Adv. 170 
Hydraulic equipment (see specific type) 
Instruments, Edit. 111, 143, 184, 200; Adv. 
189, 205, 209 
jacks, worm gear, Adv. 166 
Karts, power behind, Edit. 24 
Locks, Adv. 198 
Lubricants, Adv. 92 
Lubrication, systems, Adv. 82 
I 


Meetings, Edit. 40 
Metals (see specific type) 
Modular design, Edit. 153 
Motors (electric), 
fractional and integral hp, Adv. inside 
front cover, 1, 98, 171 
gearmotors, Adv. 66 
subfractional hp, Adv. 69, 179 
synchronous, Edit. 189 


Motors, torque, Edit. 178 


Nickel and alloys, Adv. 63 


MACHINE DESIGN is indexed in the Applied Science & Technology Index and the Engineering Index, available in libraries, generelly. 


Microfilm copies are available from University Microfilms, 313 N. 
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SUBJECT INDEX (continued) 





Packings, Adv. 31 
Plastics, Edit. 36, 184; Adv. 65, 67, 68, 
180, 213 
Pneumatic equipment (see specific type) 
Programing, Edit. 138 
Pulleys (see also Sheaves), Adv. 15 
Pumps, 
hydraulic, Edit. 141, 186, 202; Adv. 35, 
48, 76, 78, 168, 207 
pneumatic, Adv. 202 


Radiation, Edit. 39 


Rectifiers, Edit. 191 

Reducers, speed, Edit. 191 
Regulators, pressure, Adv. 206 
Relays, Adv. 79 

Rubber, Adv. 70 


screws power Ady 186 

Seals, Edit. 193; Adv. 31, 160 

Sh afts, Adv 77 

Shapes, special, Adv. 188 

Sheaves (see also Pulleys), Adv. 20¢ 

Silicones, Edit. 192, 193; Adv. 49, 204 

Slider-crank whip, Edit. 144 

Sprockets, Adv. 75 

Starters, motors, Adv. 101 

Steel, Adv. 7, 11, 52, 57, 83, 214, back 
cover 

stainless, Edit. 27, 178; Adv. 29, 95 

Switches, Edit. 112, 180, 182, 200; Adv 

46, 47, 53, 79, 175, 201, 207 


Systems, hydraulic, Adv. 51 


Terminals, Adv. 2 


Thermal stresses in design, Edit. 129 
Thermostats, Edit. 188; Adv. 94, 156, 208 
Timers, Edit. 172 

Transducers, Exit. 36, 110 

Transformers, Edit. 183 

Transistors, Edit. 30 

Transmissions, adjustable speed, Adv. 209 
Tubing, Adv. 5, 29, 74, 95, 187, 


4 


Valves, 
hydraulic, Edit. 201; Adv. 85, 102, 159, 
199, 203, 205 
pneumatic, Edit. 175, 198; Adv. 86, 100, 
102, 200 


Vibration isolation design, Edit. 123 


Welding, Adv. 50 
Wire and wire products, Adv. 37, 90 


18 


§ 


Thy ay - ae ae eh een a) 


for More Information... 





CIRCLE ITEM NUMBERS—Throughout the magazine, each advertise- 
ment carries an Item Number for use in requesting further information. 
All product descriptions, announcements and Helpful Literature items are 
also numbered, and for greater convenience are indexed below by Item 


Numbers. 


EDITORIAL CLIPSHEETS—So you won't have to “clip” this issue, 
we'll be glad to send a personal copy of any article as long as the 


supply lasts. 


place provided on the Yellow Card. 


Just fill in the page number and title of article in the 








Index to New Parts & Helpful Literature 


BY ITEM NUMBERS 





HELPFUL LITERATURE— descriptions start on page 164 


ITEM 

NUMBER 

Adhesives, Coatings, Sealers 601 
Small Servo Motor 602 
Recording Oscillograph 603 
Switches and Thermostats 604 
Silicones in Appliance Design 605 
Sequence Programmer 606 
Seamless Strip-Tubing 607 
AC Motors .. 608 
Molded Coil Bobbins 609 
Coatings Selector ‘ 610 
Clutehes and Differentials 611 
Power Transmission 612 
Fabrication of Teflor 613 
Industrial Clamps covess Ge 
Screw Threads : 615 


NEW PARTS & ENGINEERING EQUIPMENT — descriptions start on page 172 


ITEM 

NUMBER 

Press-In Nut . ives a 
Slip Clutches and Brakes ....... 631 
Servo Amplifier . ; ... 632 
Reset Timer ° 633 
Collar Insert .. .. 634 
Directional Valves . 635 
Adjustable-Speed Drives. 636 
Color-Coated Stainless Steel 637 
Stepping Motor ; 638 
Epoxy Adhesive 639 
Panel Fastener . 640 
Mercury Switch . . ae 641 
Pillow-Block Bearings ‘ 642 
Toggle Switches .. . 643 
Adjustable-Speed Drives . pascae'a 644 
Electrical Transformer ba svece ae 
Epoxy-Resin Compound wad ‘ 646 


lagnifying Comparator .. 
AC Motors ... 
Nickel-Chromium alloy 
Window Units . 

Speed Reducers .. 

Steel Tubing and Bars . 
High-Temperature Fasteners 
Screw Conveyor Drives 
Steel Pipe 

Basic Switches 
Special-Purpose Fasteners 
Gate Valves 
High-Strength Insert 


Relief Valves 


Temperature Detector 


Blind-Mounting Lock Nut ........ 


Self-Priming Pump ... 
Fast-Drying Adhesive 
Insulated Thermostat 
Flexible-Shaft Couplings 
Synchronous Motor .. 
Speed Reducer 

Silicon Power Rectifiers .. 
Cabinet Handles 
Silicone Rubber 

Silicone Additive 

Teflon Dry Seal ... 
Lead Dispenser 
Drafting Tables .. 
Copying Machine 


ITEM 
NUMBER 


. 616 


. 618 


. 626 


. 627 


. 629 


ITEM 
NUMBER 
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when all you need is this 
Kaydon Reali-Slim KA-40-CP 


News from Kaydon! 


Reali-Slim bearings ‘off the shelf 
...prices slashed up to 76% 


Up to 85% lighter, up to 70% narrower _ width and cross section remain the same for 
than the lightest of the “extra-lights” all bearing sizes in any one series. 
Example: each of the 15 sizes from 4” to 12” 
bore in the Reali-Slim KA series has only 
1/,” width and cross section. Result: new 
opportunity to save on cost, size, and weight 
. in bearings and adjacent components. 
Availability? Now off-the-shelf in 90 sizes 
with Conrad deep-groove, ball-radial con- 
struction . . . and new bronze one-piece snap- 
over separator in 4” to 12” bore — 14." to 1” 
width and cross section. Kaydon’s volume 


More than 80% of all present standard 

“extra-light” series bearing installations 

never require the full capacity of the bearing. 

Kaydon now trims this expensive bearing 

excess! Kaydon Type “CP” Reali-Slim bear- 

ings match proper size, weight and capacity 

to specified shaft sizes. Overcapacity need 

no longer hamstring your product designs. 

Five of the six series Here’s why! In Kaydon’s oer", Type “CP” production cuts prices as much as 76%, de- 
of Foe “OF Rel Reali-Slim bearings (world’s thinnest), pending on size. Write for free, fact-filled 


smaller in cross section “CP” bearing bulletin — with prices! 
than the AFBMA 

standard ‘‘extra-light’’ 

series bearing shown S 

above. THE ENGINEERING CORP. 


—__—___—_— MUSKEGON-MICHIGAN $$$ 
All types of ball er roller bearings — 4” inside diameter to 178” outside diameter .. . Taper Roller 
Roller Thrust * Roller Radial « Needle Roller « Ball Radial « Ball Thrust * Four-Point Contact Bearings 
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in union there is .. . 


Better pay, but room for improvement in working conditions . . . this, ac- 
cording to a recent survey, represents the composite opinion of engineers 
who belong to unions. The study, conducted by Professional Engineers Con- 
ference Board for Industry, disclosed that a large percentage of unionized en- 
gineers were happy with their pay, thought it to be higher than that of com- 
parable non-union professionals. However, there was general agreement 
(among those who administered the survey) that preoccupation with salary 
level to the exclusion of other professional working conditions had convinced 
the union members that they were better off financially than is actually the 
case. In the matter of working conditions, company employment practices, 
etc., union engineers were noticeably less satisfied than non-unionists. 


NBS works out tungsten-plating process 


High-speed vapor deposition of tungsten—one of the few metais with ac- 
ceptable strength above 3600 F—is a significant new NBS-developed tech- 
nique for plating metal or ceramic shapes. Bureau scientists W. E. Reid and 
A. Brenner say that vapor deposition (from gaseous tungsten hexafluoride) 
may be the only way that complicated tungsten parts can be formed. The 
process, which requires only simple equipment, is fast—up to 1/16 in. per 
hr vs. 0.001 in. by conventional electro-deposition. NBS says that vapor- 
deposited-tungsten parts and plating allow designers to make use of high- 
temperature properties of the pure refractory metal without being stymied by 
its hardness and brittleness. 


new threat to magnetic secrets 


More knowledge on magnetism is coming: A national research center, soon 
to go up at Massachusetts Institute of Technology, will house the world’s most 
powerful magnet (250,000 gauss) and other tools designed to pry loose na- 
ture’s best-kept secrets. With this equipment, physicists will try high mag- 
netic field experiments with atoms and atomic particles and study magnetism 
of the sun and planets. Major advances are predicted in the understanding 
of magnetic forces. 


one-step program yields Ph.D. 


Freshmen at Polytechnic Institute of Brooklyn can now try their hands at 
attending classes for six years and earning a doctorate directly. No strict 
dividing line separates graduate from undergraduate work; special curricula, 
seminars, and research projects start early. According to Dr. Ernst Weber, 
Polytechnic president, the program is designed for “the exceptional student 
whose full potential is not adequately challenged by the average college 
curriculum.” For the first two years, mathematics, physics, and the hu- 
manities will be stressed. Specialties, offered in the third year, will include 
chemical, civil, electrical, mechanical, and metallurgical engineering. 
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no-strings research money 


Universities are now receiving federal research money to use as they see 
fit. A significant change in government policy (previously, grants have been 
for specific projects only) has provided over $2 million in recent weeks to 
help 54 schools build or rebuild labs and buy new equipment. While hardly 
more than a drop in the bucket compared to other university-research grants, 
the science-for-science-sake money could add up to as much as $15 million 
during the next fiscal year. Concern about obsolescence of college-centered 
basic research has been growing ever since the President’s Science Advisory 
Committee reported (about a year ago) that “a lack of instruments and 
facilities is beginning to handicap our national scientific effort in both gov- 
ernment and private laboratories.” 


aeronautical—an archaic word 


The A in IAS (Institute of Aeronautical Sciences) is being overhauled. The 
Institute’s council recently voted to substitute “Aerospace” for “Aeronautical” 
and the change is now up for vote by the membership. It was felt that the 
old title was no longer consistent with the Institute’s professional objectives 
and activities. In 1932, when IAS was formed, “aeronautical” was a hot 
word. Today the roster includes scientists and engineers working on flight 
at all speeds and altitudes and, in fact, space-project specialists nearly out- 
number those working on earth-atmosphere flight. 


in space, a different man 


A new twist has been added to the problem of preparing man for the men- 
tal and physical peculiarities of space travel. Instead of equipping space- 
craft with complete facilities to duplicate or compensate for the lack of 
gravity and earth-like environment, the idea is to modify man to make 
him more adaptable to space conditions as they are. A report recently sub- 
mitted to USAF’s Aerospace Medical Center by a group of human factors 
experts, suggests that this could be done by radically lowering the subject’s 
body temperature, by conditioning and hypnosis, and by using drugs ad- 
ministered through a closed-loop servo system tied to the space environ- 
ment. The astronaut would thus gain a feeling of complacency, and speci- 
fications for the spacecraft’s artificial environment could be greatly relaxed. 


first degree (B.S.) in communication 


Undergraduates at the University of Michigan can elect a program in com- 
munication sciences for the first time this fall. Concerned with machine en- 
coding, electronic memories, mechanical translators, etc., the curriculum has 
until now been offered only to graduate students in the U. S. But the de- 
mand for trained people hasn’t been met by graduate schools, says UM. 
Besides being well grounded in mathematics and electronics, students choos- 
ing this career must be trained in speech, linguistics, physiology, and lan- 
guage philosophy. 
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[SCARDED lawnmower engines 

are a thing of the past in the 
sophisticated karting world. The 
high-speed enthusiasts who thrive 
on low power have prodded leading 
manufacturers of small gasoline pow- 
erplants into performing some amaz- 
ing design feats on the old two-cycle 
engine. 

Before the karting boom (an esti- 
mated 250,000 of the “minimum” 
vehicles will be manufactured this 
year), most small-engine makers 
built a fairly standard line. For 
specific applications, they made 


ower 
ehind 


arts 


proper compromises, much like De- 
troit’s automakers do. 

Then came karting . and the 
same intellectuals that pry 350-400 
hp out of a flat-head V-8 went to 
work on the noisy, but innocent, two 
cycle. They had to call for help. 
Most two-strokers were not designed 
with modification in mind: Cylinders 
are one-piece assemblies (milled from 
the bottom up) and valving is vir- 
tually unchangeable, as are most of 
the carburetors. 

Complaints by the frustrated speed 
merchants were received with calcu- 


Fully modified for com- 
petition, this early kart 
engine displays a_ full 
complement of chromed 
accessories Merits of 
tuned exhaust header 
and ram-air stack are 
now questioned by ex- 
perienced karters, who 
claim that at go-kart 
speeds, ram-air inlet 
would have to resemble 
the big end of a tuba to 
accomplish — supercharg- 
ing. They consider the 
tuned header to be an 
efficient device for ‘'im- 
proving’ engine noise. 


Photo, courtesy Metaicraft Industries Inc. 


lated indifference by most of the 
engine manufacturers. Karting, to the 
latter, had all the earmarks of a 
motorized hula-hoop fad. 

The neglect proved to be short- 
lived, however. A pyramiding mar- 
ket potential began to sway the judg- 
ment of some prominent names in 
the small-engine field, and engineer- 
ing departments were finally in- 
structed to turn a sympathetic ear 
to the problem. Since many designers 
were already dedicated karting fans, 
new-product development progressed 
at a startling rate. 





MACHINE DEsIGN 











ra 


an «as 


—— ee “ TH =e Om 




















Severed Heads 


First order of business was to 
satisfy the go-karter’s heartfelt de- 
sire to tinker with compression ra- 
tios. Accordingly, one-piece cylinders 
quickly gave way to bolt-on head 
arrangements ... and guarantees 
accompanying the engine were al- 
tered to state clearly that this de- 
sign innovation was for convenience 
only, not a suggestion that further 
metalworking was needed. As ex- 
pected, go-karters have responded 
by milling an acceptable 1/32 in. 
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off the head — a move that pro- 
duces upwards of 200-psi pressure 
in the cylinder (@TDC, before ig- 
nition), compared to a factory-rated 
140-160 psi. A respectable chainsaw 
engine produces 90-120 psi. 


Fine Art of Scavenging 


Next big problem in tailoring two 
cycles for competition was improve- 
ment of the fuel-induction system. 
In the usual (cross-scavenged) two- 
cycle engine, there are only two 
ports in the cylinder wall. These 


Flat torque curve of a 
karting engine (above) 
contrasts sharply with 
performance of the typ 
ical two stroker (below) 
Engines are of equal dis- 
placement; the kart pow- 
erplant, built by Power 
Products Div., Tecumseh 
Products Corp., weighs 
2 1234 Ib vs. 1534 Ib for 
LS the more sluggish gar- 
den-variety engine 
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. . resembling standard two- 


vance in the state of the art 


strokers in theory only, go-kart 


engines represent a significant ad- 











Kart Kronology 


Karting really got started about 
four years ago as the result of a 
major lawn mower maker’s dilem- 
ma (massive engine inventory that 
had to be liquidated). This, coupled 
with the fact that many people 
apparently will jump at a chance 
to own a racing car when it costs 
a mere $100, started karting on the 
road to success. 

Fortunately, as the sport grew in 
popularity, a number of sane and 
enlightened people (mostly engine 
and kart manufacturers) emerged 
as a guiding force and formed 
the now influential Go Kart Club 
of America. GKCA wisely chose to 
stick with the two-cycle engine be- 
cause of price, weight, and per- 
formance factors, and because it de- 
fies expensive hop-up treatment. 

Rules have been set up by GKCA 
governing engine size and kart de- 
sign. In the engine category: 
Class A—includes engines 
displace up to 5.8 cu in. Class B— 
up to 11.6 cu in., created the twin- 
engine kart which is fast (about 
50 mph), expensive, and sometimes 
unreliable. Rules governing kart 
design include, among other things, 
a specification that tread width be at 
least 2/3 of wheelbase. 

Since chassis design is elementary 
(welded tubular steel), emphasis im- 
mediately centered on engine per- 
formance. Major engine manufact- 
urers have responded with spe- 
cial racing versions of the two- 
stroke engine, and several manu- 
facturers now have racing teams 
(as do Ferrari, Jaguar, et al) to take 
advantage of the prestige that ac- 
companies a winner. 


which 





















POWER BEHIND THE KARTS 





One of a new generation of two-cycle engines—a diminutive, high- 
performance powerplant designed especially for kart racing. Rated 
at 5.5 hp, it weighs just 1234 Ib. Its lone cylinder is die-cast alumi- 
num alloy with a cast-in, cast-iron liner; piston is also aluminum, 
crankcase is magnesium. Bolt-on cylinder head is easily removed for 
modification of compression ratio. Piston rings (two, compression) are 
pinned to keep them from separating from the piston at high rpm 
and snagging in the oversize inlet and exhaust ports. Loop scavenged 
and diaphragm carbureted, the engine was designed by Power Prod- 


ucts Div., 


are diametrically opposed, with 
the exhaust por: slightly higher 
on the cylinder wall than the 
inlet port. As the piston com- 
pletes a downstroke, and ports 
are uncovered, the incoming 
charge of fuel tends to rush di- 
rectly across the cylinder and a 
portion of the new charge con- 
tinues on out the exhaust. This 
action also results in poor scav- 
enging of the combustion by- 
products, particularly in that 
portion of the cylinder above 
the upper lip of the exhaust 
port. Incoming fuel is polluted 
(and diluted) by the remains of 
the previous charge, making it 
less explosive, and reducing the 
efficiency of the engine. 

“Loop scavenging” solves this 
problem in the latest karting 
engines. Two opposing inlet 
ports are used, and the two in- 
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Tecumseh Products Corp., Tecumseh, Mich. 


coming jets of fuel collide, set- 
ting up a turbulence that forces 
clean fuel into all parts of the 
combustion chamber. This ef- 
ficiently scours out the leavings 
of previous combustion. 


Easing the Fuel Shortage 


Carburetion was the last ma- 
jor obstacle. Automotive float- 
type metering devices which 
work fairly well on a lawn mow- 
er don’t provide a_ sure-fire 
source of fuel to a kart engine 
traveling at forced draft on 
rough terrain and around curves. 
Most kart engines are now 
equipped with so-called aircraft- 
type carburetors which incor- 
porate a vacuum actuated dia- 
phragm metering device. The 
engine gets a constant flow of 
fuel at any angle and speed. 














SPECIFICATIONS 
Bore & Stroke (in.) ........ 2.09 x 1.68 
Displacement (cu in.) ...... 5.80 
Compression Ratio (approx.) . 7.5 to | 
Power, max (bhp) ......... 5.5 @ 6400 
Torque, max (lb-ft) ......... 5 @ 3500 
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Loop scavenging (above) is a major factor in 
boosting two-cycle engine performance. Loss of 
unburned fuel is minimized, and _ turbulence, 
created by colliding fuel charges, efficiently 
scours out the remains of previous combustion. 
Ordinary two-cycle engines use less efficient 
cross scavenging (below). 
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ENGINEERING NEWS 





Basic Data Developed 
On Weldability of Stainless 


Common Alloying Elements 
Aren’t Always the Best 





PirtssuRGH — New “seasonings” 
have proved so successful in the lab 
that metallurgists are now testing 
l-ton quantities of stainless steels 
made from experimental recipes. 
They hope to eliminate the draw- | 
back which most often plagues | 
stainless: Its tendency to fissure and 
crack under the heat and stress of | 
welding. 

In the work, conducted at West- 
inghouse Electric Corp., the basic 
stainless studied has been an aus- 
tenitic steel containing 16 per cent 
chromium and 20 per cent nickel. 
Concentration of base elements and 
16 alloying elements has been varied 
tc determine exact quantitative ef- | W AT & FR NVI A Ni 
fects of each. Results show that some 
of the traditional alloying agents 
may be part of the trouble: 


e Titanium and columbium, two 
of the most commonly added sta- 
bilizing agents, are among the 
worst in promoting hot cracking. 


FLOW REGULATORS 


@ Boron and zirconium, often 
added to increase strength, ductil- 





ity, and workability, cause the | | @ Precise flow control © Compact, light in weight 
most extensive cracking damage (pressure-compensated) 
: Aa Vn"? 
of all elements tested. ® Sizes %” to 1% 
Other common alloys seem all right: © Factory-set » Controlled flow to 

e Manganese decreases hot-crack- Factory-tested 100 g.p.m. 
ing susceptibility; substantial Now every hydraulic system can justify precise flow and speed 
amounts of manganese greatly in- control! Waterman Series 190 Flow Regulators provide constant 
crease weldability. flow and cylinder speed in the presence of varying upstream and 

downstream pressures, at a cost barely more than an ordinary 
: Molybdenum : and tungsten, restrictor or needle valve. Require only a little more space than 
often added to increase strength the pipe or tubing they are installed in. Tens of thousands now 
of the steel, also increase weld- in trouble-free use. Made and calibrated to your order... each one 
ability. tested before shipment. 
* Vanadium, also added to in- Waterman Series 190 controls flow by meas- poe - 
crease steel strength, has no ef- uring and controlling pressure drop across | : 
fect on weldability precisely sized orifice. Bodies and pistons 

3 machined from high-strength aluminum bar . 

« Tantalum, a metal that’s as stock; steel sleeves; stainless steel springs. 
good as titanium and columbium 


in stabilizing steel and improving ee SEND TODAY FOR YOUR COPY OF CATALOG 1002 
° ° i lified fl lat nd fuses, 
its strength, does not increase hot Also suppliers of AN and MS qualified flow regulators a u 


: including flow regulators for fuels and cryogenic fluids 
cracking nearly as much as the 


other two. 


New steels developed under the 
Westinghouse formula, called 
Kromarc steels, are described as 
high - temperature, high - strength, 
high-ductility, and super-weldable 
stainless steels. 
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Engineering design for fully operational RUM 
includes an ‘underwater helicopter’ (left) 


which will enable 
“swim'' underwater, 


the deep-sea tractor to 


rather than just crawl 


along. The helicopter will raise or lower RUM, 
move it sideways, hover or float it. Tracks on 
the vehicle (right) incorporate a spring-actuated 
friction brake for emergencies. 


Navy’s remote-controlled undersea explorer 
has 4/5 of the earth’s surface to itself 


Wasuincton—An experimental ve 
hicle that may give man full free 
dom for scientific investigation of 
the ocean floor is undergoing tests 
for the Office of Naval Research. 
If recommendations of a number of 
government bodies that have been 
studying the oceanographic research 
program are heeded, the strange ve 
hicle may soon be mass-produced. 

RUM (for Remote Underwater 
Manipulator) is essentially a tank 
mounted on crawler tracks and 
equipped with a manipulator hand 
and arm. Signals from television 
and sonar scanners are transmitted 
to a mobile van on shore by a cable 
long enovgh to permit operations at 


distances up to five miles. The 


cable also relays power for the trac- 
tor’s two electric motors. It will 
probably cost more than the test 
vehicle. 

RUM can maneuver and operate 
at 3 mph on grades up to 60 per 
cent on its tracks. It is designed for 
a maximum depth of 20,000 ft. 
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To enable the tractor to surmount 
difficult sea-bed terrain, Hughes 
Aircraft Co., Culver City, Calif., has 
designed an “underwater-helicopter” 
attachment capable of lifting 8000 
lb at a vertical speed of 2 fps. Three 
high-lift, low-speed rotor blades 
have remotely operated yaw, ve- 
locity, and altitude controls. To en- 
sure that no torque is transmitted 
to the tractor, the blades are turned 
by horizontally mounted propellers 
driven by totally enclosed electric 
motors. The helicopter, says Hughes, 
is capable of operating in salt water 
for months without damage. 

The mechanical arm for RUM, 
designed by General Mills Inc., Min- 
neapolis, Minn., is similar to those 
in use in atomic laboratories around 
the country. It is oil-filled to simpli- 
fy the pressure problem, and built 
of stainless steel to minimize corro- 
sion. It can retrieve samples from 
the ocean floor or perform main- 
tenance tasks on the tractor itself. 
A hook on the same boom as the 


mechanical arm has a lifting capa- 
bility of 170 lb at maximum out- 
stretch. 

To monitor operations from the 
beach and to help in uncovering 
valuable scientific data from the sea 
bed, four specially designed televi- 
sion cameras will be mounted atop 
the tractor. Light will be provided by 
powerful mercury-vapor lamps. 

RUM’s future depends, to a large 
extent, on the administration’s at- 
titude toward oceanographic _re- 
search. One suggested use for the 
vehicle is for assembly and installa- 
tion of deep-sea research instru- 
mentation. But the Interagency 
Committee on Oceanography claims 
$120,228,000 is needed for the com- 
ing fiscal-year program. Presently, 
the administration has requested 
half of this amount. The principal 
cause of such large expenditures, a 
house committee reports, is a com- 
plete lack of effective co-ordination 
among the government agencies 
handling the program. 
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WELDED STAINLESS PIPING WINS 


on ‘killer’ duty in Southern Sugar Refinery 


Frequent down times are eliminated, thanks to the 
alloy’s superior corrosion resistance, and as an important 
bonus, freedom from product contamination is achieved. 
e Why not check into the profit possibilities of modern 
welded steel piping in your own operation? Ask for 


Corrosive liquors piped over long distances in this sugar 
refinery service—often at temperatures of from 180°F 
to 220°F—played havoc with non-ferrous metal piping. 
Down times occurred two or three times a year for pipe 
replacement and costs climbed accordingly . . . until 
welded stainless pipe entered the picture. Now, with 
Type 347 stainless on the job the problem is solved. 


helpful Bulletin 8591—and consult a quality welded steel 
pipe producer in your district. 


Formed Steel Tube Institute, Inc. 


1603H Hanna Building, Cleveland 15, Ohio 


¢ Armco Steel Corp. © The Babcock & Wilcox Co., Tubular Products Div. *« The 
Carpenter Steel Co., Alloy Tube Div. ¢ Clayton Mark & Co. ¢ Damascus Tube Co. 
Jones & Laughlin Steel Corp., Electricweld Tube Div. © National Tube Div., United 
States Steel Corp. * Ohio Seamless Tube Div. of Copperweld Steel Co. * Republic 
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Steel Corp., Steel and Tubes Div. * Revere Copper and Brass Inc., Rome Manufac- 
turing Company Div. « Sawhill Tubular Products, Inc. « Southeastern Metals Co. « The 
Standard Tube Co. ¢ Superior Tube Co. ¢ Trent Tube Co., Subs. Crucible Steel Co. of 
America ¢ Union Steel Corp. ¢ Van Huffel Tube Corp. « Wall Tube & Metal Products Co. 
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Ready-to-Go 
Transistors 


grown by one-step process 


New York — Vapor growth, an 
atomic-bricklaying technique for 
fabricating transistors, tunnel diodes, 
etc., may outdate manual assembly 
of complex electronic components. 
Developed by scientists at Inter- 
national Business Machines Co., the 
process grows solid-state devices in 
a one-step operation by depositing 
atom-thick layers of one material on 
top of another. Because crystal 
structure of the original layer is 
duplicated, best advantage can be 
taken of each material. 


Before vapor growth .. . 





By growing electronic devices di- 

rectly, IBM says it can make them 
faster acting, more complex, and 
more compact. In addition, operat- 
ing characteristics can be more 
closely controlled. Vapor growth 
improves the basic art of crystal 
growing in two ways: 
e It occurs at low temperatures. 
Complex structures can’t be formed 
by conventional (high temperature) 
techniques because new layers of 
semiconductor disturb those that 
have already cooled. 


lodide vapor picks up semiconductor 
material at the hot end of a glass 
tube, deposits it on a growing seed 
at the cold end. Layers of different 
materials can be added in atomic 
thicknesses to form diodes, transistors, 
tunnel diodes, and new components. 


e Impurities can be added during 
layer formation. This gives better 
“dope” distribution within the crys- 
tal. In addition, it seems likely 
that low-temperature techniques will 
permit more of the desired impuri- 
ties to be added (making new types 
of tunnel diodes and other devices 
possible). 

The growth process takes place in 
an atmosphere of iodide vapors. Va- 
pors pick up semiconductor material 
(from a piece of germanium or sili- 
con) at the high-temperature end 
of a glass tube, then circulate into 
a cooler zone where the semiconduc- 
tor deposits and grows on a suitable 
single-crystal seed. Selected impu- 
rities can be added at the cool end 
of the tube. 

Quality of the “finished” crystal 
compares very well with its conven- 
tionally grown cousins: Crystalline 
perfection is excellent, and only one 
part per 100 million of iodine (from 
the carrier vapor) is present. Ger- 
manium crystals formed are among 
the most nearly perfect yet known 
to science. 

Developed to produce functional 
circuit building blocks for high-speed 
computers, the process offers promise 
for automatic volume production of 
the more complex functional units 
that will soon be needed, IBM en- 
gineers claim. 





— 





starting point for a semiconductor was a single giant crystal, 
produced by simultaneously drawing and chilling a molten 
base material. Impurities were added (to give the semi 
conductor its current-producing properties) by alloying or 
diffusing them into the molten material, or by “doping” 
them into the growing crystal Next step was to slice up 
the semiconductor crystals into minute pieces, then care- 
fully assemble them by hand under a microscope. Vapor 
growth improves these techniques in several ways, accord- 


ing to IBM scientists: 


* Crystals are grown at low temperatures, eliminating heat 


stresses and permitting more complex forms. 

* Impurities are added in atomic thicknesses over crystal 
layers, improving control of distribution and concentration. 
* Transistor layers are grown rather than assembled. The 
technique will eliminate need for hand assembly. 

New types of tunnel diodes and entirely new electronic de- 
vices are expected to result from the vapor-growth tech- 
nique, report IBM spokesmen. Vapor growth is able to pro- 
duce more perfect crystals and more evenly distributed im- 
purities; higher concentration of impurities (the key to new 
solid-state devices) may also become possible. 








MACHINE DEsIGN 











=—s @® J ora. FA 


p= | 


» o & 

















Jam wore” 


FOR THIS AMAZING 
PORTABLE AMI WASHER 


Weighing less than 914 Ibs. 

this portable AMI washer 

will launder up to four Ibs. 

of clothing in seven minutes. eit 
It operates in a sink, tub, pail 
or any container that will 
hold sufficient water. 


b 
ii 
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One of the most important component parts of the ingenious <i 
AMI portable washer is the face seal designed and manufactured by (om. 
Chicago-Allis. The protective heart of the mechanism, the seal assem- f 4 


bly positively prevents the entry of wash water and lint into the 
housing of the epoxy insulated motor unit. 


The face seal is composed of two parts; a stationary and a rotating ee 
element. The stationary element consists of a precision lapped carbon yA 
ring bonded to a specially compounded rubber bellows. This bellows 

is encircled by a pressure balanced stainless steel spring which deliv- 

ers a constant sealing load to the carbon ring. The rotating element ! 

P d . . ? ee Selim del by th t perience to offer in the design of custom molded 
is a lapped ceramic mating ring which, when driven by the motor rubber parts, shaft or face type seals, packings, 
shaft, serves as an ideally inert and frictionless seat for the carbon gaskets, or mechanical leathers. These design 


ring and/or its stationary sealing elements. skills are backed by complete laboratory and 
manufacturing facilities, 


Chicago-Allis engineers have many years of ex- 


SINCE 1889 
There’s a Chicago-Allis sales engineer FINEST LEATHER POWER TRANSMISSION BELTING 
in every principal city area. He is avail- 7 SEs a ie Sco s 
able for consultation always. We will - : n - nn 
be glad to send our catalog of products . Than Ss : OR 
and services upon your request. 
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Mach-27 Hotshot 


SeatrLte, Wasu.—A roomful of capacitors triggers a 
Mach-27 blast in the world’s largest privately owned 
hypervelocity tunnel. Up to 7 million watt-seconds 
(5 million hp) of electrical energy are delivered to the 
arc chamber in a split second by 2280 capacitors (right). 

Regular operating schedule of the tunnel calls for 
two to four test runs a day. The builder, Boeing Air- 
plane Co., expects to use it in Dyna-Soar and Minute- 
man programs. 

Prior to a test run, the arc chamber is charged with 
2000-psi air and the test section (downstream) is 
evacuated to a few millimeters of mercury. A plastic 
diaphragm maintains the pressure differential. Dis- 
charging the capacitor bank increases temperature and 
pressure in the arc chamber, rupturing the membrane. 
Air, released at 14,000 F and 30,000 psi, forces its way 
through the nozzle to the test section. Test time, ap- 
proximately 1/10 sec, is limited by shock reflection 
from the plenum chamber. 


Fresh Air in Space 


Crevetanp—Breathable air for the 
first space men now seems likely 
to come from equipment that dupli- 
cates natural-life processes. A closed- 
cycle system developed by the Tapco 
Group, Thompson Ramo Wool 
dridge Inc., “naturally” removes car- 
bon dioxide from air and replaces 
it with pure oxygen. 

Certain plants and micro-organ 
isms utilize carbon dioxide and other 
chemical nutrients to produce oxy- 
gen by photosynthesis, and the 
TRW device contains living matter 
of this type. In it, an algea culture 
(in an aqueous media) is pumped 


Fluorescent light is used in the labora- 
tory version of TRW's new oxygen re- 
generation system, but a_lighter- 
weight, more practical solar collector 
is being developed for space applica- 
tions 
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from a central reservoir and ex- 
posed to light. After irradiation, the 
culture flows into a cooler (remov- 
ing heat transferred from the light) 
and is then mixed with filtered air 
from the space-vehicle cabin. 

The algea “feeds” on carbon di- 
oxide in this air, giving off pure 
oxygen. The air-oxygen-algea mix- 
ture is next transported to a gas- 
liquid separator where the oxygen- 
enriched air is taken off. The cul- 
ture is returned to the reservoir and 
the air, saturated with water vapor, 
is circulated through an air-condi- 
tioning system to the cabin. 

Two possible lighting systems 
have been designed. One uses fluo- 
rescent lamps, the other utilizes a 
solar collector system. Since a 
manned space vehicle must get the 
maximum performance and reliabili- 
ty with minimum weight and pow- 
er requirements, the solar collector 
appears to be the more practical. 


“Windows” for Sight and Sound 





Complete protection from heat and 
shock is provided for Mercury capsule 
radio antennas by silica glass shields 
Only an eighth of an inch thick, the 
shields are transparent to radio sig- 
nals, but se resistant to thermal shock 
that they can be plunged from a high 
temperature into icy water without 
damage. Corning Glass Works, New 
York, N. Y., which is also making the 
capsule viewports, announced that it's 
making three of the curved, translu- 
cent antenna shields for each of the 
12 capsules of project Mercury. The 
shieids are formed by grinding glass 
blanks to the right thickness and sag- 
ging them under heat to the precise 
curvature required. 
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Thermionics Makes Its Move 





Thermionic tube developed by RCA (shown mounted over a circular magnet) 
operates at temperatures around 2000 F to convert heat to electricity. Efficiency 
is 14 per cent. Earlier thermionic devices required source temperatures as high 
as 4000 F, but still didn’t have as high an efficiency. Civilian and military ap- 


plications are predicted by the company. 


Efficiency Now Reasonable 
And Operating Temperature Low 


Princeton, N. J.—Thermionics is 
now a more serious contender for 
the jobs where direct conversion of 
heat to electricity is attractive, A 
new power tube, developed by Radio 
Corp. of America, is the first to gen- 
erate power at a respectable effi- 
ciency while operating at tempera- 
tures that can be obtained with or- 
dinary fuels. 

The tube, called a thermionic en- 
ergy converter, has operated during 
test from heat sources at 2000 F— 
a temperature that can be easily 
reached by burning gas-air mixtures. 
It has converted up to 14 per cent 
of the heat input into electrical en- 
ergy. Until now, thermionic devices 
have been unable to operate at any- 
where near this efficiency unless 
source temperatures were in the 
3500-4000 F range. 

Although developed especially for 
the task of converting solar energy 


to power for space vehicles, the 
tube’s high efficiency makes it po- 
tentially competitive with small gas- 
oline engines and other fractional- 
horsepower devices. Offering all the 
advantages of completely silent op- 
eration (no moving parts), the tube 
is capable of generating current at 
frequencies ranging from de to about 
| million cps and is suitable for driv- 
ing all types of electrical equipment. 
In addition, it can be fabricated in 
various forms and arrangements to 
produce whatever level of power 
might be required. 

Improved performance of the de- 
vice, says Dr. Karl G. Hernquist, the 
researcher credited with the develop- 
ment, is due to a new arrangement 
of internal tube elements and a dif- 
ferent type of cathode. By allowing 
maximum electron flow at low tem- 
peratures, the cathode makes pos- 
sible tube design for long service 
life and opens the door for thermi- 
onic power in the civilian world as 
well as in the military. 
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NEW 





| Vickers balanced-vane type jet engine fuel pumps 

designed to meet stringent MIL-E-5009B and MIL- 

E-8595 contaminant tolerance requirements are 
available in a size range of 500 to 50,000 PPH, 
develop up to 1000 psi and operate at speeds up to 
6000 rpm. Pumps can be provided for speeds as high 
as 20,000 rpm and pressures above 1500 psi, where 
required. The housing configuration is adapted to 


specific installations. 
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AERO HYDRAULICS DIVISION 


DETROIT 32, MICHIGAN 
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VANE-TYPE FUEL PUMP 





120X magnification of 
contaminated jet fuel 


-.-- Gives longer service life when 
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high volumes and pressures 


Model shown has these performance character- 
istics: Pressure—to 1000 psi; flow—4000 PPH, 
speed—4000 RPM; temperature range—65° to 
300° F, weight—5 lbs, size—43%" dia., 554” long. 

Designed for a service life of 1000 hours, the new 





Vickers vane pump was proved in more than 3400 
hours of rigorous testing over the last two years (see 
Bulletin A-5242). Wear compensating parts and new 


material combinations extend service life. 


Write for Bulletin A-5242 for more details. 


division of 8478 


SPERRY RAND CORPORATION 
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Two to three times as strong .. . 


as ordinary construction steel, a new 
super-alloy can be rolled, formed, 
deep drawn, welded, and machined 
easily. Since only one-half or one- 
third the normal amount of the metal 
need be used, an automatic weight sav- 
ings results. The new steel, designated 
MX-2, is a cobalt-modified, low-alloy, 
high-strength material. It was orig- 
inally developed for missile motor 
cases by Scaife Co., Pittsburgh, a sub- 
sidiary of Wilson Brothers. Wilson 
says that MX-2, in comparison with 
other high-strength steels, appears to 
have the least sensitivity to weaknesses 
created by notches, cracks, and heat 
treatment 


Corrosion resistance .. . 


of titanium-0.2 per cent palladium has 
been tested extensively and found to 
be excellent. Samples of commercial 
titanium and the alloy were suspended 
in boiling 5 per cent sulfuric acid. 
After 85 hours, the commercial tita- 
nium was removed because of excessive 
corrosion, but the titanium-palladium 
remained under test for 170 days, 
showing very little corrosion. The al- 
loy was developed by Union Carbide 
Metals Co., Union Carbide Corp. 








Ready-Made CO Boiler 


Uruguay will be the recipient of the world’s first shop- 


assembled carbon monoxide boiler. 


Babcock and Wilcox Co., will give smaller companies the 
chance to equal heat-balance efficiencies of the larger ones. 
The unit is designed for steam pressure of 600 psi at an 
operating temperature of 750 F. It will generate steam 


Matters 


Strongly piezoelectric . . . 

zinc oxide and cadmium sulfide may 
find use in highly efficient electro- 
mechanical transducers for generating 
ultrasonic and radio frequencies. 
Demonstrating the piezoelectricity of 
these two materials, Dr. A. R. Hutson, 
Bell Telephone Laboratories, showed 
that zine oxide exhibits four times as 
much as quartz, and cadmium sulfide, 
twice as much. The zinc oxide was 
doped with lithium to neutralize ex- 
cess conductivity, which has previous- 
ly masked the piezoelectric effect. 


Pure columbium ... 

coated with nichrome alloy, stainless 
steel, chromium, or modified molyb- 
denum disilicide (LM-5) type coating 
can be used in the temperature range 
between 900 and 1500 C, according to 
results of a study made by S. T. 
Wlodek, research metallurgist in the 
Metals Research Laboratory of Union 
Carbide Metals Co., Div. of Union 
Carbide Corp. Uncoated columbium 
alloys can be produced with oxida- 
tion resistance 100 times better than 
pure columbium, but they sacrifice 
fabricability and a low ductile-brit- 
tle transition temperature. 
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at a rate of 23,000 Ib per hr from waste regenerator gases, boat fenders, 
can be included in the product in processing. 


or 40,000 Ib per hr from oil 
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Rotational Molding Shows Its Worth 


Unharmed after falling ten thousand feet into water, a 
The new boiler, by marine buoy demonstrates its tremendous impact resistance. 
Oshkosh Plastics Products Inc.,- Oshkosh, Ill., is imparting 
the high strength to its Thermisol line of products by the 
use of a rotational molding method for plastisols and a new 
liquid cure drying technique. The company makes buoys, 
specialty products. Fluorescent colors 


Steel Gives Oxygen to MDs 


Emergency oxygen sufficient for an 
hour can be stored in a 4-in. spherical 
container built with a new alloy. 
Fabrication of the 2-lb sphere requires 
hydrogen brazing at heats up to 
2100 F, reports National Steel Corp., 
Detroit. Unable to find any metals 
capable of taking the strain of this 
falsrication, the company spent six 
years of research developing its own 
—a columbium-steel alloy. Breath 
o' Life Inc., Cleveland, designers of the 
lightweight tank, point out that it will 
replace a large, 125-lb cylindrical 
tank that can only be kept in hospi- 
tals or ambulances. The company 
hopes that every doctor's and den- 
tist's office and automobile will even- 
tually carry emergency oxygen. 
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Manufacturers of loose leaf binders look to Loose 
Leaf Metals Co. for their hardware needs. And, 
in turn, Loose Leaf Metals looks to Keystone for 
forming wire that has all the necessary properties 
for quality manufacture of their rings. 

To manufacture quality, precision-made rings 
at low cost on a mass-production basis, Keystone 
specially-developed copper coated annealed-in- 
process Forming Wire is used. Its superior qual- 
ity and constant uniformity result in a perfectly 
aligned and nickel-plated ring. 

Keystone wire for Loose Leaf Metals Co.’s 
Perfection” binder rings must have the correct 
temper so the wire can be rolled into oval shape 
prior to being formed into rings, then cut, 











KEYSTONE 
WIRE 


is used by Loose Leaf Metals Co. 


to produce high quality hardware 


for loose leaf books 


Loose Leaf Metals Co. produces a wide range of 
quality products, including the rings shown here. 


swedged and deburred. In addition, the clean 
brite finish of Keystone Forming Wire provides 
a base for successful nickel plating. 

The combination of Keystone experienced 
wire engineering, plus constantly improved mar- 
keting techniques of Loose Leaf Metals have re- 
sulted in greatly increased production of binder 
hardware at lower costs. 

Perhaps Keystone Wire Specialists can solve 
your wire problems, too. Call your nearest 
Keystone representative, or write us for details. 
Keystone Steel & Wire Company, Peoria, Illinois 






KEYSTONE 


WIRE FOR INDUSTRY 
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» a double tipped oxyacetylene torch, operator brazes 
ndenser coil joints This condenser-compressor assen bly con- 


tains 30 hook-up joints, not counting return bends. 


he house, contains 36 hand: 


brazed SIL-FOS 5 joints. 


International Heater Does it With HANDY & HARMAN SIL-FOS 5 


Production statistics of this manufacturer of heating 
and air-conditioning equipment show that perhaps 
one in five thousand hand-brazed joints may need 
touching up. This is a micrometer measurement away 
from absolute perfection. 


One of the Utica, New York, company’s products is a 
home air conditioner that utilizes the existing duct 
work of the structure’s hot-air furnace. Its novelty lies 
in the fact that the unit's compressor and condenser 
are located outside the house for noise-free coolness 
inside the home. 


The unit's evaporator is installed on top of the furnace 
for simple tie-in to the plant's ducting for hot-weather 
operation. 


Shown here in production is International’s Model 
5-5B of 5 ton capacity. 


This “joint in quantity” record is being duplicated by 
SIL-FOS 5 silver alloy brazing in the manufacture of 
heating, air-conditioning and refrigeration equip- 
ment everywhere. Its strength, air- and leak-tightness 
and ease of application are some of the reasons that 
make Handy & Harman SIL-FOS 5 brazing one of the 
surest metal joiners in existence. We’d like you to 
know more about SIL-FOS 5 and the job it can do for 
you in joining copper and copper alloys in any shape, 
size and complexity. Our Bulletin 20 deals with this 
in a complete and informative manner. A request to 
Handy & Harman, 82 Fulton Street, New York City 38 
will bring you your copy. 


Your No. 1 Source of Supply and Authority on Brazing Alloys 


HANDY & HARMAN 


General Offices: 82 Fulton St., New York 38, N.Y. 


38 Circle 446 on Page 19 


Maciunr DesicN 








ie a Le” ae Oe a 


tt. she See 











Radiation-Damage Lab 


ENGINEERING NEWS 


Mlle 


Research on the effects of radiation on electronic components and systems 


should get a big boost from a new lab now going up. 


The facility, being built 


by Convair Div., General Dynamics Corp., will contain an electron/ion accelera- 
tor able to produce a beam ten times more powerful than that from any similar 


machine. 


the 0.1-3 Mev (million electron-volt) range with currents up to 10 ma 
per sec—comparable to that produced from 
Facilities and equipment included in the labora- 
Irradiation cell for studies on damage to electronic com- 
2. Nuclear physics experimentation area 3 
beams to appropriate test cells 
cessory room for operation and maintenance of the accelerator 


output will be as high as 6 x 10? 
500,000 curies of cobalt 60. 
tory will include: 1. 
ponents. 
4. Magnet to ‘'steer 





MHD Researchers 
Get a New Tool 


Flow generators designed to produce 
a continuous flow of ionized gas for 
magnetohydrodynamic 
can now be purchased as off-the- 
shelf items. First company to offer a 
packaged flow facility, MHD Research 
Inc., Newport Beach, Calif., pushes 
flow into the 3 mile per sec range 
with a gas-stabilized electric arc that's 
capable of producing stagnation tem 
peratures of over 10,000 K. Average 
conductivity of the gas stream is | 
mho per cm. Acceleration of plasma 
streams, power generation by MHD 
and kinetic-transport properties of 
ionized gases are only a few of the 
areas that can be explored with the 
laboratory-bench size tool, company 
spokesmen report 


experiments 
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Designed by Radiation Dynamics Inc., the accelerator will operate in 


Neutron 


Neutron test area. 
5. The accelerator. 6. Ac- 
7. Control room. 


Future P. E. Must Be Ph.D 


ANN Arsor, Micu.—To assure fu- 
ture technological development, pro- 
fessional schools of engineering are 
needed. Speaking at the University 
of Michigan recently, Professor J. E. 
McKee of the California Institute of 
Technology said that whereas theol- 
ogy, law, and medicine have devel- 
oped largely through 
schools, basic sciences have remained 
within the fold of graduate aca 
demic programs leading to the Ph.D. 
reached the 
development 
where it must branch out on its own. 

To augment this proposal as 
quickly as possible, the Engineers 
Council for Professional Develop- 
ment should establish a committee 
to study the advisability of such 
schools, said Professor McKee. Only 
through the engineering societies 
(which ECPD serves) will these pro- 
fessional schools ever be established. 
He said that it is unlikely that en- 
gineering faculties will take the 
initiative. 


professional 


Engineering has now 
stage of educational 


If ECPD takes a strong position, 
he continued, many universities will 
quickly follow suit. 






NYLON 


TEFLON 


Because of improved grinding 
and finishing methods, ITI Nylon 
and Teflon balls are FREE OF 
EMBEDDED SURFACE GRIT. Their 
clean, clear finish assures THE 
BEST in performance for your 
products. 


These balls are available in 
all sizes — standard (carried in 
stock) and special. Samples free 
on letterhead request. 


Write for prices 


and specifications. 


INDUSTRIAL TECTONICS, Inc. 


MANUFACTURERS OF PRECISION BALLS AND BEARINGS 
3663 Jackson Road, Ann Arbor, Michigan 





Circle 420 on Page 19 
39 











DESIGNED EXCLUSIVELY FOR 
THE MAN WHO WANTS 
COMPACTNESS, RELIABILITY 
AND ECONOMY! 


Introduced by Modernair in 1948, these 
ultra-compact cylinders have been per- 
formance-proved on thousands of jobs 
all over the free world. 


Today's new Series R ECONOMAIR cyl- 
inder is even better. In addition to such 
original advantages as compactness and 
interchangeable mountings, the new 
Series R offers: 


@ Chrome plated stress-proof steel 
piston rods with wrench flats. 


@ Built-in rod wipers. 


@ Wider-sectioned alumiaum piston for 
improved bearing stability. 


@ Exclusive Adjusto-Stroke Design. (Pat. 
Pend.) 


@ 1% bore has stainless steel rod. 


Series R ECONOMAIR cylinders are avail- 
able now in 1%, 1%, 2, 3 and 4-inch 
bore sizes, with or without cushions. 
They offer today’s best buy in quality 
cylinders at truly competitive prices — 
why pay more and get less? 


See your phone book yellow pa 


pages for your nearest dealer | ‘Titow | 


or write us now for literature oe al} 
and prices, Please address 
Dept. 63 






CORPORATION 
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® The National Society of Profes- 
sional Engineers, in its annual election 
last month, chose as its new president 
the general manager and vice president 
of Hughes Tool Co., Noah E. Hull. 

Mr. Hull of Houston, Tex., served as 
NSPE vice president for the south- 
western region prior to his election. A 
registered professional engineer in three 
states, Michigan, New York, and Texas, 
he is former chairman of the Profes- 





sional Engineers Conference Board for 
Industry (1955-58). 

Mr. Hull received his degree in civil 
engineering from Purdue University in 
1917. He held executive engineering 


Engineers Honored 


positions with General Motors Corp., 
Firth Carpet Co., and National Gypsum 
Co. before joining Hughes. 

® The American Society of Heating, 
Refrigerating and Air-Conditioning En- 
gineers recently honored one of its 
members. ASHRAE past-president and 
fellow, Peter Ben Gordon has been 
awarded the society’s highest honor, the 
F. Paul Anderson medal for contribu- 
tions to society and the profession. Mr. 
Gordon is a representative on the En- 
gineers Joint Council. He is a vice 
pres'dent of Wolff and Munier Inc. and 
an alumnus of Rutgers University. 











Aug. 23-26— 

Western Electronic Show and 
Convention to be held in the Me- 
morial Sports Arena, Los Angeles. 
Sponsors are the Western Electronic 
Manufacturers Association and the 
Institute of Radio Engineers. Addi- 
tional information is available from 
Wescon, 1435 S. La Cienega Blvd., 
Los Angeles 35, Calif. 


Sept. 6-16— 

Production Engineering Show to 
be held at the Navy Pier, Chicago. 
Further information is available 
from Clapp & Poliak Inc., 341 Mad- 
ison Ave., New York 17, N. Y. 


Sept. 6-16— 

National Machine Tool Builders 
Association. Machine Tool Expo- 
sition to be held at the Internation- 
al Amphitheatre, Chicago. Addi- 
tional information is available from 
Clapp & Poliak Inc., 341 Madison 
Ave., New York 17, N. Y. 


Sept. 7-9— 

Joint Automatic Control Confer- 
ence to be held at Massachusetts 
Institute of Technology, Cambridge, 
Mass. Sponsors are Instrument 
Society of America, American So- 
ciety of Mechanical Engineers, 
American Institute of Electrical En- 
gineers, Institute of Radio Engi- 
neers, and American Institute of 


Chemical Engineers. Additional in- 
formation can be obtained from ISA, 
313 Sixth Ave., Pittsburgh 22, Pa. 


Sept. 12-15— 

Society of Automotive Engineers 
Inc. National Farm, Construction, 
and Industrial Machinery Meeting, 
including production forum and en- 
gineering display, to be held at the 
Milwaukee Auditorium, Milwaukee. 
Additional information can be ob- 
tained from SAE headquarters, 485 
Lexington Ave., New York 17, N. Y. 


Sept. 15-16— 

American Society of Mechanical 
Engineers. Engineering Manage- 
ment Conference to be held at the 
Morrison Hotel, Chicago. Addi- 
tional information can he obtained 
from Meetings Dept., ASME, 29 W. 
39th St., New York 18, N. Y. 


Sept. 18-21— 

American Society of Mechanical 
Engineers. Petroleum - Mechanical 
Engineering Conference to be held 
at the Jung Hotel, New Orleans, 
La. Further information is available 
from Meetings Dept., ASME, 29 W. 
39th St., New York 18, N. Y. 


Sept. 19-20— 

Steel Founders’ Society of Amer- 
ica. Fall Meeting to be held at 
the Homestead, Hot Springs, Va. 
Additional information is available 
from society headquarters, 606 Ter- 
minal Tower, Cleveland 13, Ohio. 


Sept. 21-23— 
American Society of Mechanical 
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“Spring Action” gives you a leakproof seal 
with J-M SPIROTALLIC? GASKETS 


Johns-Manville makes a specialty of 
building a lively “spring action” into 
Spirotallic Gaskets. Because of their 
superior resiliency, Spirotallic Gas- 
kets can compensate for varying 
stresses and temperature changes 


Oval and round shapes spirally wound 
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... follow minor flange separation... 
and absorb vibration. Even under 
these difficult circumstances, they 
keep a tight, durable seal. 

This quick adaptability has given 
Spirotallic Gaskets a tremendous 
popularity in the field. Their springi- 
ness is due to the special methods 
and control J-M uses in their manu- 
facture. Spring-like metal strips, 
formed into a special vee shape, are 
alternately spiral-wound with an as- 
bestos filler. The filler does the seal- 
ing ... and the vee shape provides 
the “spring.” 

Another reason for the wide- 
spread acceptance of Spirotallic Gas- 
kets is the fact that when the gasket 
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has been compressed the proper 
amount, it reaches optimum per- 
formance for the bolting. Many dif- 
ferent metals and fillers can be used. 
Each metal is color-coded to aid 
maintenance personnel in quick 
identification of the type of metal 
used. 

J-M produces a wide variety of 
sizes and shapes for standard 
flanges. And for special flanges, J-M 
will design and produce a gasket 
with the precise characteristics you 
require. For complete information, 
ask for J-M catalog PK-35A. Write 
to Johns-Manville, Box 14, New 
York 16, N. Y. In Canada: Port 
Credit, Ontario. 
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FOR RIGIDITY... 











E cul weighted, a Kennametal rod and a steel rod of equal size quickly demon- 
strate the greater rigidity of Kennametal. The Kennametal rod registers only 4 
as much deflection as the steel rod. 





ee ee eee ee ee ee ee 





KENNAMETAL 











Kennametal has many searched-for physical 


As a design material... 
properties. Rigidity is one of them. 


Three times as rigid as steel . .. Kennametal has a YME up to 94.3 
million psi as compared to 30 million for steel. This property has 
already solved many problems of deformation, deflection, bending, 
vibration, and chatter. There are two ways it might solve a problem 
for you. First, by permitting increased loading, as Kennametal deflects 
only 4 as much as steel under the same load. Or, if deflection and 
loading are acceptable, a part made of Kennametal will require less 
mass than other materials. Thus, machine elements may be miniatur- 
ized where compactness is essential. 

Rigidity is but one of the many exceptional properties of Kennametal. 
When you need great resistance to heat, corrosion, abrasion, erosion, 
and compression . . . chances are Kennametal may be the answer. 
we'd like 
and our 
29% 


To help solve an immediate problem, or a future need... 
to send you Booklet B-111B, “Properties of Kennametal,” 
new Booklet B-666,““Proven Uses of Kennametal and Kentanium. 
Write Dept. MD, KENNAMETAL INc., Latrobe, Pennsylvania. 


*Kennametal is the registered trademark of a series of hard carbide alloys of 
tungsten, tungsten-titanium, and tantalum. Kentanium is the registered trade- 
mark for one of the series that has special advantages for applications requir- 
ing a lighter weight material, or maximum resistance to temperature extremes. 


33506 


INDUSTRY AND 


KENNAMETAL 
én Progress 
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ENGINEERING NEWS 





Engineers - American Institute of 
Electrical Engineers Power Confer- 
ence to be held at the Bellevue- 
Stratford Hotel, Philadelphia. Fur- 
ther information is available from 
Meetings Dept., ASME, 29 W. 39th 
St., New York 18, N. Y. 


Sept. 26-29— 

American Welding Society. Fall 
Meeting to be held at the Penn- 
Sheraton Hotel, Pittsburgh. Addi- 
tional information is available from 
AWS headquarters, 33 W. 39th St., 
New York 18, N. Y. 


Sept. 26-30— 

Instrument Society of America. 
Instrument-Automation Conference 
and Exhibit and 15th Annual Meet- 
ing to be held in the Coliseum, New 
York. Additional information can 
be obtained from ISA headquarters, 
313 Sixth Ave., Pittsburgh 22, Pa. 


Sept. 27-30— 

American Rocket Society Inc. 
Space Power Systems Conference 
to be held at the Miramar Hotel, 
Santa Monica, Calif. Additional in- 
formation can be obtained from so- 
ciety headquarters, 500 Fifth Ave., 
New York 36, N. Y. 


Sept. 27-30— 

Association of Iron and Steel En- 
gineers. Exposition and Convention 
to be held at the Auditorium, Cleve- 
land. Further information is avail- 
able from AISE headquarters, 1010 
Empire Bldg., Pittsburgh 22, Pa. 


Oct. 9-12— 

American Society of Mechanical 
Engineers. Rubber and Plastics Con- 
ference to be held at the Lawrence 
Hotel, Erie, Pa. Further informa- 
tion can be obtained from Meetings 
Dept., ASME, 29 W. 39th St., New 
York 18, N. Y. 


Oct. 9-14— 

American Institute of Electrical 
Engineers. Fall General Meeting to 
be held at the Morrison Hotel, Chi- 
cago. Additional information is 
available from AIEE headquarters, 
33 W. 39th St., New York 18, N. Y. 


Oct. 10-l11— 
Sixth Conference on Mechanisms 
to be held at Purdue University, 
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ENGINEERING NEWS 





Lafayette, Ind. Conference is spon- 
sored by Purdue and MaAcuHINE 
Desicn. Further information is 
available from Editor, MACHINE 
Desicn, Penton Bldg., Cleveland 
13, Ohio. 


Oct. 14-15— 

American Society for Quality 
Control. 15th Midwest Conference 
to be held at the Broadview Hotel, 
Wichita, Kans. Further informa- 
tion can be obtained from the pro- 
gram and publicity vice-chairman, 
Howard K. Mitchell, 602 S. Brook- 
side, Wichita 18, Kans. 


Short Courses 
and Symposia 


Aug. 15-19; 22-26, 29-Sept. 2— 
Photoelasticity and Strain Gages 
—three one-week courses on experi- 
mental stress analysis for missiles 
and space craft to be held at 
UCLA. Included will be theory, as 
well as discussions and demonstra- 
tions of latest techniques, especial- 
ly with respect to applications at 
high and low temperatures. The 
first week’s course, on industrial 
photoelasticity, consists of lectures 
and laboratory work; the second 
week is a lecture course on strain 
gages; and the third week is a lab- 
oratory course on strain gages. Fur- 
ther data is available from Engi- 
neering Extension, Engineering 
Bldg. Unit II, Room 6266, Uni- 
versity of California, Los Angeles 


24, Calif. 


Aug. 22-26— 

Thermonuclear Plasma Physics 
Symposium, to be held in Gatlin- 
burg, Tenn., will deal with ele- 
mentary aspects of achieving con- 
trollable release of energy in sig- 
nificant amounts from thermonu- 
clear fusion reactions. Sponsors are 
Oak Ridge National Laboratory 
(operated by Union Carbide Corp.) 
and the Oak Ridge Institute of Nu- 
clear Studies, in co-operation with 
the U. S. Atomic Energy Commis- 
sion. Further information can be 
obtained from the laboratory, P. O. 
Box X, Oak Ridge, Tenn. 


Sept. 12-16— 
Course on Technical Report 
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CTY YOKE ROLLER 


Sach compenent of Sanh Ck” 


CAM 
FOLLOWERS 
AND YOKE 


ROLLERS 





Followers and Yoke Rollers 
is carefully engineered, machined 
and finished to the most exacting 
standards and dimensions. 

As a result, each Standard Smith 
Cam Followers and Yoke Roller 
is identical to all others 

of the same series and size. 


Such uniformity of product results 
in equal uniformity of performance. 


Standard Smith “CTA” 
(interchangeable) or “HCS”’ 

(High Capacity Stud) Cam Followers 
and “CTY” Yoke Rollers, assure 

you of outstanding performance 
with long, trouble-free life. 


Special Smith Cam Followers and 
Yoke Rollers to suit special 
applications are supplied promptly. 


Better distributors throughout 


the nation stock and sell Smith Cam 
Followers and Yoke Rollers. 


Write for your new, quick 
reference data sheets. | 


q 


SMITH BEARING 


DIVISION 


Accurate Bushing Company 


441 North Avenue, Garwood, New Jersey 


Manufacturers of: Needle Bearings, Cam Followers, Yoke Rollers, 
Jet Engine After Burner Rollers and Bearing Assemblies, 
N. A. S. Standard and Special Bearings, High Temperature and 


Severe Wear Precision Parts. 
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DU* DRY 
BEARINGS 


Solve Another 
Problem 


“Our 909 Variable-Speed Trans- 
mission is a high-torque, ball-disc 
friction drivet which utilizes two 
clusters of steel balls for the trans- 
fer elements instead of the more 
conventional single-ball config- 
uration. Many bearing materials 
were tested before a satisfactcry 
cluster cage assembly was 
evolved. The successful design in- 
corporated DU bushings which 
are partially swaged around each 
ball for increased bearing area. In 
addition to an extremely low co- 
efficient of friction, the bushings 
transfer heat away from critical 
areas much more efficiently than 
other materials tested. Problems 
concerning wear, and tolerance of 
foreign particles have virtually 
disappeared.” 


R. E. Brown 
Vice President—Engineering 
GENISCO, INC. 


DU metal is an ideal bearing ma- 
terial for many applications. It 
withstands much higher veloci- 
ties, runs much cooler at lower 
speeds than other unlubricated 
bearings ... has a compressive 
strength of 51,000 p.s.i. DU 
metal is applied without the 
need for temperature-limiting 
adhesives . . . will withstand 
from —328°F to +536°F. 


oO CK 


Apply DU dry bearings to appli- 
ances, automobiles, aircraft, 
farm and industrial machinery, 
office equipment. Standard 
bushings and thrust washers 
available for 14” to 2” shafts; 
strip available for special fabri- 
cation. Write for engineering 
catalog DU-458. Special Prod- 
ucts Dept., Garlock Inc., P.O. 
Box 612, Camden 1, New Jersey. 
*Trademark, Glacier 
Metal Company itd. 
tManufactured under 
license agreement from 
W.S. Rovverol, 


University of California 
ot Berkely 
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Writing for Engineers and Scien- 
tists to be held at the University 
of California, Los Angeles. Addi- 
tional information is available from 
Engineering Extension, Room 6266, 
Engineering Bldg., Unit II, Uni- 
versity of California, Los Angeles 
24, Calif. 


Sept. 14-15— 

Joint Military-Industrial Elec- 
tronic Test Equipment Symposium 
to be held at Armour Research 
Foundation under the sponsorship 
of the Office of the Director of De- 
fense Research and Engineering 
and the Department of the Army 
Signal Corps. New concepts in 
measurement, latest instrumenta- 
tion design techniques, and ad- 
vanced data processing methods 
will be covered. Additional infor- 
mation can be obtained from Robert 
Brausch, Armour Research Founda- 
tion, 10 W. 35th St., Chicago 16, III. 


Sent. 19-30— 

Technical Report Writing for 
Engineers and Scientists Seminar to 
be held at Pennsylvania State Uni- 
versity. Lecture, discussion, and 
workshop sessions will cover all 
phases of technical report prepara- 
tion. Further information is avail- 
able from Conference Center, The 
Pennsylvania State University, Uni- 
versity Park, Pa. 


Oct. 4-7— 

Eighth Annual Human Engineer- 
ing Institute to be conducted by 
Dunlap & Associates, Stamford, 
Conn. Program will include three 
days of technical sessions, a half- 
day on management and contrac- 
tual aspects of human engineering 
efforts, and opportunity for private 
conferences. Further information 
can be obtained from Dunlap & 
Associates, 429 Atlantic St., Stam- 
ford, Conn. 


Oct. 14-15— 

Revolution in High-Speed Proc- 
essing Symposium to be held by the 
Society of Photographic Scientists & 
Engineers in Washington, D. C. 
Short access time, compact, simpli- 
fied photographic processing equip- 
ment will be discussed. Further in- 
formation can be obtained from 
SPSE, Box 1609, Main Post Office, 
Washington, D. C. 
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Some Ideas 


Papers, in their special way, are as differ- 
ent as people . . . and choosing the best 
paper for a specific job can be as difficult 
as choosing the best person for the job. 
Here at K&E, we try to do the work for 
you, by painstakingly determining pre- 
cisely the characteristics required, then 
refining them to the point of excellence. 
Here are some good examples: 


A New Type Of Typing Paper 
Translucent typewriter papers are very 
popular of late for typed originals from 
which numerous copies must be made. The 
savings are considerable when you use 
translucent originals through diazo repro- 
duction—savings up to 80% in many cases. 
But most translucent papers used today 
stand erasure very poorly. Recognizing 
the inevitability of human error, K&E has 
perfected a better translucent typewriter 
paper called TYPEMASTER® (193 )—the 
perfect answer for those whose typing is 
less than perfect. TYPEMASTER’s com- 
pletely new, engineered surface affords 
outstanding erasability. A thin, unusually 
tough coating, it readily catches and holds 
the typewritten image, yet resists penetra- 
tion of the ink into the paper fibers .. . and 
therein lies the secret of good erasability. 
A number of skeptics who tested the new 
TYPEMASTER sheets have now dis- 
carded all others. Skeptical or not — may 
we suggest you try it. 


Tracing Pads “To Travel" 
Brilliant ideas often occur at random mo- 
ments. For that reason, engineers on the 
move usually keep a tracing pad handy. 
But pads with soft, chipboard backing are 
of little use without a desk under them. 
That’s why all K&E tracing pads are 
backed with sturdy bookbinder’s board — 
the same tough board found in any high- 





d 


priced, permanently-bound library volume. 
Wherever you are you're assured desk-firm 
support with a K&E pad. Another plus — 
the sheets are bound in by a gummed edge 
for neat and easy removal. Available in a 
wide variety of grid patterns and sizes, 
with plain or imprinted sheets (standard 
headings), K&E book-bound, gummed- 
edge tracing pads are perfect workmates 
for the “portable” professional. 

The Most Pampered Natural Paper 

In America 

For the greatest transparency, the over- 
whelming choice is KRE ALBANENE® 
prepared tracing paper. But for ability to 


August 4, 1960 


Pe er ee ere ee 





“| 
| 
i 
for your file of practical information on | 
drafting and reproduction...from | 

an 


L_.—_—_—_.—. + —-. KEUFFEL & ESSER CO.-———————— 


TYPEMASTER 


ERASES 


PERFcCTLY 


stand a lot of abuse on the drawing board 
and in subsequent processing and handling 
—many companies prefer to sacrifice some 
transparency and use a natural tracing 
paper. Here we recommend a truly re- 
markable K&E product-BANKNOTE*™ 
(174L). This thin, flexible, 100% rag trac- 
ing paper will weather a double share of 
abuse. You can actually crumple a sheet of 
K&E BANKNOTE up into a tight ball... 
then smooth it out to find it almost as 
good as new for reproduction purposes! 
The paper makers who produce BANK- 
NOTE for K&E proudly refer to it as 
America’s most pampered tracing paper. 
No other paper we know receives the same 
care and attention ... from initial inspec- 
tion of the textile bales, through every 
step of processing, to final shipment. With 
K&E BANKNOTE, papermaking skills 
come into play as with no other paper 
made on this side of the Atlantic — from 
use of a paper machine that runs a “top 
jacket” (one of the few still employed), 
through the artful “wet »acking” process, 
to careful air-drying, super calendering, 
and rewinding. The result is a sheet of un- 
surpassed mellowness, yet with unusual 
stamina and workability. 

Now You Can “Talk"' In Triplicate 
Although low-priced canary tissue enjoys 
wide usage as a so-called “talking paper”, 
we've heard many complaints about its 
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KEUFFEL & ESSER CO., Dept. MD-8,Hoboken, N. J. 

Please send me samples and further information on the following: 

(] K&E TYPEMASTER Translucent Typewriter Paper 


| K&E BANKNOTE Tracing Paper 


Name & Title Rene ea 





[] K&E LIGHTWEIGHT SKETCHING TISSUE 


inability to reproduce well in standard 
copying machines. With this in mind, we 
present K&E’s newest LIGHTWEIGHT 
SKETCHING TISSUE (185) — designed 
specifically as a reproducible “talking 
paper.” This tissue is ideal for preliminary 
sketching when you want sharp reproduc- 
tions from a standard diazo, blueprint or 
office copying machines. It’s a pure 


bleached sulphate with just enough yellow 
tint added to afford good contrast for pen- 








4 ‘ Ci a rts 2 
cil, charcoal or crayon. You'll find K&E 
LIGHTWEIGHT SKETCHING TISSUE 
well worth any small price difference. 
You can test this quartet of fine papers 
at your local K&E dealer’s .. . or use the 
coupon below to get samples for private 
perusal. Do it today ... there’s a world 
of better work at stake. 





- Company & Address. PEW ERD 


ee | 


1539R 
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Don’t compromise on switch reliability because... 


Every touch of a Switch 
is a test of your equipment! 


The design of switches is a specialty, one place 
where you can save valuable engineering time 

and insure that circuits will be made. But don’t 
stake your reputation on less than the finest. 

MICRO SWITCH precision and reliability will 


safeguard your performance standards. 





MICRO SWITCH offers the most complete selection of Sensitive way to crush a switch. This machine records load 
switch catalogs available on Sub-subminiature, Mercury, stress and strain from gram ranges up to five tons. Here 
Push-Button, Rotary Selector, Toggle, Door Interlock MICRO SWITCH engineers test compression, tensile proper- 
and Sealed Aircraft Switches. Write for file material now. ties of materials and characteristics of switches. 
—~ hsemnieel 
é QlPecrine tHe FuTURE 
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New ideas in the application of switches may auto- 
matically create new competitive advantages for your 
product. Many manufacturers are entrusting switches 
with more and more critical and varied assignments. 
And the same profitable opportunities are open to 
you. Some typical examples are the control of heat 
cycle and water flow of an automatic coffee maker, the 
ultra-sensitive responsibility of detecting the thickness 
of paper money, and the automatic cycling on a pre- 
cision grinder at the rate of 57,000 operations per day. 

But, the kinds of precision and reliability that safe- 
guard your performance standards cannot be taken 


for granted in just any brand of switch. At MICRO 


SWITCH, the largest testing laboratory of its kind pre- 
tests switches for thousands and sometimes millions 
of operations, simulating on-the-job conditions of 
temperature, humidity, sand blasting, extreme pres- 
sure or shock and vibration. 

MICRO SWITCH pioneered the design of small pre- 
cision snap-action switches. Today, new applications 
have resulted in the design of over 12,000 different 
switches that make up the MICRO SWITCH line. There 
are sure to be some ready-made answers for your 
switch problems. For special help, see the Yellow 
Pages for the listing of the MICRO SWITCH branch 
office located near you. 





The image shown on this Comparator enables engineers 
to carefully scrutinize tiny parts of a precision switch to 
check contours and dimensions. This is part of the extra 
care that preserves MICRO SWITCH precision and reliability. 


MICRO SWITCH .. . FREEPORT, ILLINOIS 
A division of Honeywell 
In Canada: Honeywell Controls Limited, Toronto 17, Ontario 
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MICRO SWITCH Catalogs are also available on a complete 
selection of Limit Switches, Enclosed Industrial Switches 
and Explosion-Proof Switches. Write for the material you 
need and bring your data files up to date. 


H Honeywell 


MICRO SWITCH Precision Switches 
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It stretches way out for a hearty bite, digs deep and unloads high 
over a truck side. Hydraulics give this versatile backhoe its sure- 
footed stance, swivel-hipped performance, accurate bucket and 
boom control. In many of these mobile rigs, a Webster JD hydrau- 
lic pump powers the action — in up to seven separate cylinders! 

Not an unusual assignment — for the JD series has an uncanny 
ability to handle demanding jobs with speed, sureness and excep- 


Webster hyd rau lics tional dependability. That’s why you find them on a wide range 
is in of industrial, agricultural and construction machines... in pressure 
m uscle a lubricating, oil circulating and lift systems. 


board j ng house Webster JD positive displacement, gear-type pumps are avail- 


able in 5 sizes — from 5 to 23 gpm — with pressures to 2000 psi, 

reach tel a speeds to 2400 rpm. Drive is direct, gear or belt. Side porting 
standard, end optional. Compact design fits into tight corners. 

Need help in a specific hydraulic application? A specially trained 


Webster hydraulics engineer is ready to assist you. Write for action! 


franklin ody. 1120 


OIL HYDRAULICS DIVISION 


WEBSTER V7 ELECTRIC 


| RACINE-WIS 


ID SERIES POSITIVE 
DISPLACEMENT GEAR-TYPE 
PUMP — Send for complete 
engineering characteristics 
performance and 
instailation data 
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How THE SULIGORIES QA werpep 


AMERICA KEEP ITS DATE WITH THE JET AGE 


As your jet air liner streaks aloft today, UNION 
CARBIDE Silicones are aboard to help. Silicones aided 
in its manufacture, too. The giant tires Coo 

slipped easily from their original molds because of 
silicone mold release agents. Polyether foam seat 
cushions were formed under the near-ideal control 
of silicone surfactants. Soft, flexible ~_§ oxygen 
masks, of oxy gen- and ozone-resistant silicone rubber, 
fit facial contours without irritating the skin. Silicone 
fluids damp out vibration in vital, sensitive instru- 
ments. Silicone rubber door seals oy © never 
lose resiliency even in extreme temperatures, won't 
harden or shrink. This constant flexibility makes it 


the basic material in blankets used for construction 


Uniocking the secrets of silicones 
Rubber, M s, R Oils and Emulsions 


The term “Union Carbide” is a registered trade mark of UCC. In Canada: 





Bakelite Company, Division of Union Carbide Canada Limited, Toronte 7, Ontario. 


of honeycomb structural panels, also in 


grommets, gaskets, and O-rings. And in the flexible 
hoses in hot-air jet-engine starters. You'll find jet 
aircraft radio and radar wires Cizp insulated 
with electrically resistant silicone rubber. Piston 
plane and helicopter ignition wiring, too. Also the 
boots for helicopter control sticks, many other parts. 
This is only a smattering of what silicones have been 
doing for just one industry — aviation. Is 
your business enjoying equal benefits? We suggest 
you contact the UNION CARBIDE Silicones Man. Ad- 
dress: Silicones Division. Dept. HL-0002, Union 
Carbide Corporation, 270 Park Avenue, New York 
17, New York. 









Atte SILICONES 
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Flash butt-welding titanium extruded section 
eliminates 38 lbs. of material...plus machining 


When an extruded shape closely approximates the finished cross-section of a circular 
part, you can save money—particularly where expensive materials are involved. This 
titanium ring was circular formed and flash butt-welded from the section shown aboye. 
Materia! savings were $262.00 per ring, plus $46.00 on machining. 


Amweld is equipped to supply flash butt-welded rings and circular products in stain- 
less, titanium, aluminum, as well as a wide variety of corrosion-resistant alloys. If you 
would like to know more about Amweld’s welding, fabricating and complete machining 
facilities, phone or write. 


GET THE FACTS ABOUT 


® AMWELD 
New 20-page catalog describes 
INDUSTRIAL PRODUCTS flash butt-welded rings and cir- 
cular products manutactured by 
Amweld. Also booklet entitled, 


“How Flash Butt-Welded Rings 
are Made.” 


tHe AW BRIGAN WELDING « mre. co. - 130 DIETZ ROAD - WARREN, OHIO 
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LOGAN HAS IT! 


RIGHT PRICE 
TOP QUALITY 
PEAK PERFORMANCE 


in hydraulic power devices 





FREE senp For Your copy 
OF THE LOGAN “CIRCUIT RIDER“ 


A 32-page manual on fluid power circuits 
(fifth edition) completely revised to present 
current engineering trends. 


MEMBERS: Natl. Mach. Tool Builders’ Assn.; 
Natl. Fluid Power Assn. 
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OREs 


LOGANSPORT MACHINE CO., INC. 
811 CENTER AVENUE, LOGANSPORT, INDIANA 


PLEASE SEND COPY OF CATALOG: 
(100-1 AIR CYLINDERS (CO 200-1 HYD. POWER UNITS 

C) 100-2 MILL-TYPE AIR CYLS. [) 200-2 ROTOCAST HYD. CYLS. 
C 100-3 AIR-DRAULIC CYLS. [) 200-3 750 SERIES HYD. CYLS. 


CD 100-4 AIR VALVES (0 200-4 AND 200-7 HYD. 
0) 100-5 LOGANSQUARE VALVES 


CYLINDERS 
(0 200-6 SUPER-MATIC CYLS. 
(1 100-6 ULTRAMATION 
CYLINDERS (0 300-1 CHUCKS 


(0 ABC BOOKLET 
(CD CIRCUIT RIDER 


C 300-2 PRESSES 
(J FACTS OF LIFE 


TO: 
NAME TITLE 





COMPANY 
ADDRESS 








SHSSSSSSSSSSHSSSSSSHSSSESSSSSSSESSSSESSESESEEOSES 


ILLUSTRATED—LOGAN MODEL 6031 
HYDRAULIC POWER UNIT 
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DESIGN FACTS ABOUT ABRASION RESISTANC! 


Service data show 15-3 alloy 
offers double the abrasion resistance 
of pearlitic white trons 





@ Pearlitic or martensitic white iron: which is the more 
economical for applications involving low-stress abrasion 
(erosion)? Engineers at Climax Molybdenum have carefully 
analyzed the service of both types. What they’ve found proves 
that the martensitic white irons are frequently more eco- 
nomical because of their longer service. Of these, the 15-3 
alloy (15% Chromium, 3% Molybdenum) seems to offer 
the greatest number of advantages. 


e 15-3 alloy shows superior resistance to scratching abra- 
sion or erosion caused by sharp, free-moving particles. The 
following test results show wear rates for 15-3 that are mark- 
edly lower than those of low alloy white irons having either 
pearlitic or martensitic structure. In fact, the wear rates for 
15-3 are even lower than the rates for high chromium marten- 
sitic iron. 
RESULTS OF TESTS RUN ON CLASSIFIER WEAR SHOES 


OPERATING IN SLURRIES OF GROUND SILICEOUS ORE 
Relative Wear Rate 


15-3 ALLOY 28 
martensitic high-chromium white iron 48 
martensitic nickel-chromium white iron 80 
pearlitic low-chromium white iron 100 
martensitic alloy steel (1.5% C) 180 


RESULTS OF TESTS RUN ON A CHUTE LINER, 
14%” THICK, HANDLING MINUS 3” CRUSHED STONE 


ib/1000 Tons of Ore Handied 
15-3 ALLOY 0.22 
martensitic high-chromium white iron 0.30 
low-chromium pearlitic white iron 0.43 
austenitic manganese steel 0.55 
pearlitic low-carbon unalloyed steel 1.69 


« 15-3 alloy combines toughness and corrosion-resist- 
ance with its resistance to abrasion. 15-3 alloy is able to 
withstand the moderate impacts that cause low-alloy or un- 
alloyed white irons to break or spall. It’s also resistant to 
corrosion, as applications in sand pumps handling corrosive 
water have already proved. It should prove superior to soft- 
rubber parts or rubber liners, too, because it can’t be torn by 
tramp material or corroded by oils and other organic com- 
pounds, 


e 15-3 alloy is already proving itself more economical 
in chute liners, sand pumps, brick molds, impellers, grinding 
mill liners, etc. In each case, the alloy has more than paid for 
itself through longer service and lower replacement costs. 


e More information is available on all aspects of abrasion — 
and abrasion-resistant alloys — from Climax. For your copy 
of our free 36-page booklet, “The Role of Molybdenum in 
Abrasion-Resistant Materials”, and other data, write: 
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Three cases where 15-3 alloy 
offered longer service life 


1. These two sets of pug-mill puddles look alike. But the set 
on the left has already outlasted three of the gray-iron paddles 
shown at right. It promises to outlast many more. The reason 
for this is that the set on the left is made of 15-3 alloy, which 
offers superior resistance to the erosive abrasion encountered 
in producing aggregate. 


2. Erosive abrasion continually wore out white iron shoes 
on a spiral sand classifier. Then the mill tried shoes made of 
a special abrasion-resistant martensitic white iron: 15-3 alloy. 
These shoes gave three times longer service — thereby pro- 
viding substantial savings per unit of material handled and 
also on shutdown time for replacement. 


3. Sand pumps must continually withstand severe attacks 
by erosive abrasives. But making vital parts of 15-3 alloy — 
such as the follower plates, expeller rings and impellers — has 
helped the pumps withstand these attacks. In fact, parts 
made of 15-3 alloy have outlasted martensitic nickel- 
chromium and pearlitic white iron parts by three to one — 
when handling abrasive materials such as ground taconite 
ore. Where corrosive water is present, the improvement is 
even greater. 


museum CLIMAX MOLYBDENUM COMPANY 


A division of American Metail Climax, inc. he 270 Avenue of the Americas, New York 20,N Y. 
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the new SL-2... 
a standard 


limit switch 
with 
unlimited 
operating 
flexibility 





Tailor limit switch performance to your specific job with 
NAMCO’S standard SL-2. This “machine life” limit 
switch features a standard cam blank which can be cut 
into a wide variety of configurations to meet any applica- 
tion. These interchangeable cams provide positive control 
of contact sequence; let you match switch operation to 
your specific job. Ruggedly built, oil-tight and moisture- 
proof, the SL-2 provides dependable, accurate per- 
formance that meets your most precise requirements. 


August 4, 1960 


Now available for low-current, high-shock, 
excessive-vibration applications...the SLS-2... 
with full-wiping, self-cleaning sliding contacts that insure 
“everytime” operation under conditions that spell 
machine downtime for other limit switches. 

Get all the details on how the NAMCO SL-2 line 
eliminates limit switching problems for good. Write for 
Bulletin EC-SL260, or contact one of our representatives. 
You'll find them in all principal cities. 


THE NATIONAL 
ACME COMPANY 

¢€ mm e 188 E. 13 1st STREET 

CLEVELAND 8, OHIO 


Sales Offices: Newark 2, N. J., Chicago 6, Ill., Detroit 27, Mich. 
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FORMER DRIVE: The high speed operation of Gehl’s 
Cure-All Hay Conditioner caused failure of the 
roller chain drive. 


PRESENT DRIVE: Both the limited space and high 
speed requirements were met with this Gates 
Super HC V-Belt Drive. 


Gehl Brothers Manufacturing Company Finds 


Super HC V-Belt Drive handles speeds 
chain drive couldn't take! 


Roller chain drives on Gehl’s Cure-All Hay Con- 
ditioners “would not stand up under the speed of 
operation.” Yet conventional V-belts that would fit 
into the space available could not handle the working 
load for this outstanding line of forage harvesting 
equipment. 

The design problem remained a tough one until 
the introduction of the Gates Super HC High Capacity 
V-Belt early last year. Then the Gates Field Engineer, 
working closely with Gehl Engineers designed the new 
drive shown above. 

“The Super HC V-Belt Drive has eliminated need 
for shear pins and clutches, has increased efficiency, 


The Gates Rubber Company, Denver, Colorado 
Gates Rubber of Canada Ltd., Brantford, Ontario 


CF 14) 





eesti 


World's Largest Maker of V-Belts 


and lowered maintenance costs,” is the pleased report 
from Gehl personnel. 


Take advantage of Super HC on your equipment 

Whenever you have a drive change on a new 
model or are replacing belts or sheaves, let your Gates 
Representative show you how Super HC Drives can 
reduce sheave diameters 30% to 50%, drive space up 
to 50%, drive weight and cost as much as 20%. 

A handbook, “The Modern Way to Design Multiple 
V-Belt Drives,” is yours for the asking. Simply contact 
your Gates Representative listed in the Yellow Pages. 


TPA 505 





Gates Super %>V-Belt Drives 27": 
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Stitching 
together 


Radome designed and built by Long Sault 
Woodcraft Limited, St. Andrews East, Quebec, 
for the United States Air Force RADC. 


Radar antennae along the upper perimeter of North 
America’s defense system are enclosed by protective 
domes which stop ice, snow, and gales up to 150 mph. 

This precisely engineered pattern of fiberglass 
panels is erected quickly and surely, under the most 
adverse field conditions, using recessed Simmons 


DUAL-LOCK fasteners. 


DUAL-LOCK is ideally adapted to panel fastening 
for military shelters, demountable shipping contain- 
ers, aircraft cowlings and guided missiles. 


Features: 

e High load characteristics. The standard No. 1 
DUAL-LOCK withstands 2500-lb. tension, and with 
modifications, tension loads of 7000 lbs. and over. 

e Double-acting take-up provides great closing pres- 
sure, with minimum pressure on operating tool. 





Looking upward from the inside of the world’s largest 
stressed skin sandwich radome built of translucent fiberglass panels, 
securely joined by hundreds of DUAL-LOCK fasteners. 


e Positive-locking. Trigger action insures fully open 
and fully closed positions. 

e Vibration-proof and impact-proof. Will not acciden- 
tally unlock or loosen. 

Write for catalog 41257. Complete specifications, 

drawings, details ofp DUAL-LOCK and other Simmons 

Fasteners with unlimited money-saving applications. 





SININIONS FASTENER CORPORATION 


1756 North Broadway, Albany 1, New York 


QUICK-LOCK ° SPRING-LOCK ° DUAL-LOCK 


August 4, 1960 


See our 8-page catalog in Sweet’s Product Design File 


ROTO-LOCK ° LINK-LOCK . HINGE-LOCK 
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Repeated million-pound loads in the intense heat from 375 tons of molten steel, cause no spalling or 
deformation of Rollway Bearings. 


1,122,000 Pounds Ride on 68 Rollway Bearings 


One of the largest in the world, 
this 500-ton Morgan-built ladle 
crane is Rollway equipped in many 
positions. 

Sixty-eight maximum-type, solid- 


cylindrical bearings—mounted with- 


out inner races—lift and lower the 


1,122,000-pound weight of the lift- 
ing beam, ladle hooks, ladle and 
white-hot steel. 

Rollway Tru-Rol®type bearings 
are used in the two General Electric 
360 HP —MD-620 Hoist motors 
which lift the weight of the ladle 
and its molten metal content. 


The maximum-type bearings in 
the hoisting sheaves are mounted 
directly on the shaft without inner 
races, which greatly simplifies as- 
sembly for applications of this size. 


Thrust bearings in the 25-ton and 
75-ton auxiliary crane hooks are 
standard Rollway precision types 
with broad-area contact between 


For bearings that accomplish 
the extraordinary in an ordinary 
manner, write, wire or ‘phone 
Rollway Bearing Co., Syracuse 1, N.Y. 





Sheaves ready for assembly on shaft and 
- installation in lifting beam. 


rollers and plates to prevent Brinell- 
ing and assure freedom of rotation 
under the heaviest loads. 


LLWA 


BEARINGS 





ENGINEERING OFFICES: Syracuse * Boston + Chicago * Detroit « Toronto « Pittsburgh e Cleveland © Seattle « Houston * Philadelphia « Los Angeles « San Francisco 
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Quality control at Standard is second to none 
among the nation’s major specialty product steel plants. 
It is maintained by the most accurate, up-to-date testing 
equipment available. The laboratory facilities operate 
around the clock to keep all vital information flowing 


to our metallurgists, shop foremen, mill and machine 


operators--as well as to plant management, and, of 
course, our customers. 

Bring your next unusual product to us—we’ll welcome 
the opportunity to serve you regardless of the alloy it 
might require. Send for the free illustrated booklet, 


“Quality Control at Standard.” 


Standard Steel Works Division 


BALDWIN : LIMA: HAMILTON 


BURNHAM, PENNSYLVANIA 


4, 1960 


Rings ¢ Shafts e Car wheels ¢ Gear blanks ¢ Flanges ® Special shapes 
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Hot hot Aosenblng | 


with MADISON-KIPP 
zinc and aluminum die castings 


ORE ALONE SII SOE EACLE NONI LE SIR IIB BEER IM 





‘“Hot-shot assembling” is a shop term but 
it is literal, because inserts are put in place 
and liquid metal under high pressure is 
shot into the die to surround and anchor 
the inserts in the die casting. 

In many cases the advantages of cast-in 
inserts provide substantial cost savings 


even though the casting process is slower 





than when no inserts are involved. 

The seasoned and skilled Madison-Kipp 
mechanics have had long experience in 
“hot-shot assembling.” They may be able 
to assist you in your problems. 

Please clip this ad as a reminder to 
contact us when you have die casting 


requirements. 





e)e MADISON-KIPP CORPORATION 


210 WAUBESA STREET + MADISON 10, WIS., U.S.A. 





SA 


Skilled in Die Casting Mechanics e Experienced in Lubrication Engineering Originators of Really High Speed Air Tools 
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Imagination and Warner electric motion control 
can produce major technical achievements, even 
in the highly advanced textile industry. 
Crompton & Knowles Corporation, Worces- 
ter, Mass., proved it by turning a simple elec- 
tromagnetic drive into a versatile control sys- 
tem for their new C-7 loom. Repeat orders 
evidence the importance of the development, 
benefits of which are impossible to duplicate in 
a practical manner with any other type of drive: 


1. Pushbutton control—Direct conversion of 
electrical signals into mechanical motion gives 
fast, easy pushbutton stop, start, backup or 
single-pick operation 

2. Foolproof interlocking — Prepositioned ro- 
tary switch prevents braking in an unsafe por- 
tion of the weaving cycle. 


3. Cushioned operation — Electric protection 


Crompton & Knowles provides time for softer stops, prevents jarring 
the machine out of ‘fix.’ 


4. Increased work assignments Push button 
control reduces fatigue and shortens stop 


pioneers highly controlled intervals, leaving operator more time for 


weaving 


5. Reduced maintenance— Fewer critical parts 


i \ adj nt. All mechanical prote arts 
weaving with Warmer — :j"c'mr. ‘imectoni! protetion pas 


6. Fail-safe operation— Precocked brake stops 
loom safely in event of power failure. 


electric brakes and clutches 7. Reduced skill requirements — Inexperienced 





Albert Palmer, Vice President and Director of Engineering 
—The big advantage is sensing electrically and controlling 
directly through an electromagnetic drive. 


weavers can operate the loom safely at high- 


est speeds. 


Fred Paul, Electrical Engineer—Capacitor in the Warren Snow 
control circuit for overexcitation and fail-safe opera- of Warner unit 


tion of the brake. 


Victor Sepavich, Manager, Research and Development (left )—Designs to 
increase productivity of average mill workers. 








Flywheel effect 
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Prepositioned controi prevents unsafe braking 


When a loom stops it wrong part of 
vcle, the shuttle can be thrown into free flight 
ind “smash” through woven fabric,causing long 


downtime of the mact ». By using a preposi 


Snow, Manager Quality Control—100% inspection 
er units on a test stand simulating loom conditions 


Robert Schedin, Chief Engineer—New con- 
trol is “protective motion." Soft stops help 
keep loom in adjustment. 


Joseph Benoit and E. W. Maibon, Purchas- 
ing—Warner's facilitiés and “know-how” pin- 
point precisely our production schedules. 


tioned rotary switch it is possible to actuate the 
brake only during the safe portion of the weav- 
ing cycle. The drive stops the loom in from 40 
to 60 milliseconds. 

For the same reason, a power failure can be 
a costly nuisance to a mill. Protection against 
this nuisance is provided by a capacitor in the 
C-7 control circuit. This stores enough energy 
to operate the brake independently in the safe 
portion of the cycle. In normal operation, it is 
used for overexcitation of the brake magnet, 
making possible 5 to 10 millisecond actuation. 


Textile machine buyers look at controls first, so 
why not put proved performance where your 
customers see it? 


Electric motion control by Warner is pioneering 
important new concepts in machine design. Di- 
rect electrical actuation makes it easy to control: 
synchronization of multiple drives; fast, auto- 
matic cycling; fine-increment inching and jog- 
ging; no-load starting; rotary and linear position- 
ing; and other complex functions your customers 
look at closely when buying capital equipment. 
Your Warner sales engineer can demonstrate 
these features right on your desk top. 


ELECTRIC 


Warner Electric Brake & Clutch Co. 


Beloit, Wisconsin 


“in \ 


W. C. Howe and H. F. Smith, Sales— 
Electric brake and clutch features are key 
to ability of C-7 loom to pay for itself. 
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- Product Improvement Ideas from | 
WARNE F ELECTFIc 


“Control features of 
Warner electric brakes 
and clutches 
helped us design 
tomorrow's loom—today!” 


Albert Palmer 
Vice President, Director of Engineering 
Crompton & Knowles Corporation 





electric 
motion 
control 
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The cat and the fox were walking through the woods together. “Man seems to want me 
very much,” boasted the fox. “Sometimes many men on horses and many dogs come after 
me, but I fool them with a hundred different tricks. They don’t catch me!” J “That’s all 
very well for you,” said the cat, “but when I’m in danger the one thing I can do is run up 
a tree.” “T don’t see how you are still alive,” said the fox. “I’ll teach you some of the 
many different ways I know of staying safe.” / Just then they heard the cry of the dogs. 
The cat ran up a tree as fast as she could and hid among the leaves. The dogs chased the 
fox through the woods. He tried to fool them with each of his very best tricks, but soon he 
grew tired and the dogs drew closer. At last the dogs jumped on the poor fox and killed 


him. Then the cat climbed down out of the tree and went safely home. 





We hope machine downtime isn't your problem, but it does 
happen. And when inadequate cylinders are the cause, one 
solution is good enough. Sure, we're talking about Hydro-Line— 
one source of cylinders for hydraulic applications up to 5,000 
psi, and air operations up to 200 psi 


Standard stock cylinders usually will be your right solution... 
they have all catalog stock dimensions, cost 10% less than 






HYDRO-LINE 
CYLINDERS 


5600 PIKE ROAD * ROCKFORD, ILLINOIS manufacturers of 
high- and low-pressure hydraulic cylinders * heavy-duty air cylinders * adjustable- 
stroke cylinders * dispensing cylinders * intensifiers * single-acting cylinders * booster cylinders 


custom cylinders, and are delivered quickly from stock. If modi- 
fied designs are needed, we have as wide a range of modified 
standard cylinders as is available. 


Lookin Sweet's Product Design File (Bulletin 8a/Hy) for standard 
dimensions of stock cylinders and the address of your nearest 
Hydro-Line representative. Then ask him for the right solution 
to your cylinder requirements. 
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RESEARCH AERIAL PLATFORM will have high degree of civilian utility. Transmission system, whose component 









parts act as power units and structural members, employs 4340 and 4620 nickel alloy steels for shafts and gears. 


Aerial platform’s unique transmission system uses 
alloy steels—4340 and 4620 


two nickel 


This experimental aircraft combines 
the maneuverability of a helicopter with 
the load-carrying capacity of a truck. 


The platform is built around a unique 
transmission system whose components 
act as both power units and structural 
members. Designed jointly by Curtiss- 
Wright Corporation and Sargent Engi- 
neering Corporation, its builders, the 
platform uses a 400hp gas turbine engine 
to power four 2-blade propellers through 
a central gearbox arrangement. 


For the gears, the designers specified 
carburized and hardened AISI Type 
4620 nickel alloy steel in the central 
gearbox and in each of the propeller 
gearboxes. At every running speed, case- 
hardened gears of 4620 alloy steel with- 
stand friction and wear. What’s more, 
4620 gear cores are tough enough to 
absorb any sudden shock-loads that may 
occur during flight. 


For the propeller shafts, the specifica- 
tions called for AISI 4340 nickel alloy 


steel, heat-treated to 30-35 Rockwell C. 
This versatile through-hardening steel 
provides exceptional toughness and 
fatigue strength, and is noted for its 
superior machinability at high hardness 
levels. In addition, AISI 4340 steel de- 
velops uniform hardness throughout 
parts of medium to heavy section, de- 
spite variations in section size. 


The men who designed the aerial 
platform couldn’t predict all the complex 
stresses these parts would encounter in 
operation. They selected 4340 and 4620 
because these steels have proven their 
reliability and versatility during many 
years of service, under a variety of 
strenuous operating conditions. 


Whether or not you, too, are experi- 
menting, 4340 and 4620 offer you the 
same assurance of reliability ... plus a 
way to cut costs by simplifying inven- 
tory. These steels are available right off 
the shelf at your local Steel Service 
Center. Other nickel-containing steels, 





EXPANDED VIEW of central gearbox shows 
how 4620 nickel alloy steel gears fit into 
box and drive the four propellers. 


providing more specialized properties, 
are also widely available. 

Consider nickel alloy steels for gears, 
shafts, bearings and other parts you de- 
sign, order or use. And for information 
to help you select the right material for 
your application, just write us. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street shen, New York 5, N., Y. 


INCO NICKEL 


NICKEL MAKES STEEL PERFORM BETTER LONGER 
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VINYL-ON-METAL is cooperative. 
Stamp it out. Punch it out. Even 
weld it! Form it the same ways you 
form unfinished sheets. The unique 
colors,’textures and patterns of 
Vinyl-on-Metal sheeting or coils 
remain unaffected. The tough 
resilient surface stays—won’t chip 
or peel in use. It protects against 
tearing rn 
Wiarclacmer-lait-}4-Me le] alaroamr-le)aler-lecele 
and assembly. Vinyl-on-Metal 

is already widely and successfully 
Uhsysro mn folam ill aalicela-w-] 9) ®)it-]a(a =e 
transportation interiors, building 

ore) assiaae lend (elammr-laleMlamant-laymelenl-i6 
fields. For a highly informative 
booklet, ‘“‘Vinyl-on-Metal,’’ write to 
Monsanto Oi aT=lanl ors] mm Oxe)anley-laha , 
Plastics Division, Room 753, 


Springfield 2, Mass. 


Monsanto developed and today supplies Opalon® and 
Uitron® vinyls for superior finishes on steel, alumi- 
num, and other metals, and on wood, paper and glass. 


PLASTICS 


Monsanto 
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MASTER GEARMOTORS 






simplify applications—save space 





Matched motor and 
right angle reducer in 


one compact power package 


Reduction of engineering and assembly cost . . 
elimination of separate components . . . are basic 
in this Master Right Angle Gearmotor. Consider 
these specific advantages: 
1. No high speed coupling. 
2. No V-belts or chains and sprockets. 
3. Takes up less space—reduces mounting plates. 
4. Special flange or face mounting can eliminate 
low speed coupling. 
5. Saves aisle space ... drives around the 
corner. 


6. Wide acceptance by machine builder and user. 


Product of the combined 
resources of 
Reliance Electric and 
Engineering Company and its * 
Master and Reeves Divisions 


see 
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Duty Master A-c. Motors, Master Gearmotors, Reeves Drives, V*xS Drives, Super ‘T’ D-c. Motors, Generators, Controls and Engineered Drive Systems. 


Master Gearmotors are built with ratings from % 
to 125 h.p. ... in right angle, parallel or in combi- 
nation. Right angle ratios are available to 96:1; 
parallel 120:1. 

Electrical and mechanical modifications give you 
a maximum choice—vertical, horizontal, and flange 
mountings; output shaft over, under, left or right. 
These gearmotors can be supplied with built-in 
accessories: a fluid coupling for hard-to-start loads 
or cycling loads; a brake for fast stops and positive 
holding. . 

Call your nearest Reliance Sales Engineer. Let him 
tell you why more Master Gearmotors are in use 
today than any other make. E1603 


RELIANCE tncincerino co-* 
DEPT. 288A, CLEVELAND 17, OHIO ? 


Canadian Division: Toronto, Ontario 
Sales Offices and Distributors in Principal Cities 
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Turbine fan 
of 
ZYTEL’ 


makes possible 






































Zytel 


radical design 


A difficult design problem in Sunbeam’s 
new de luxe vacuum-cleaner line in- 
volved the turbine brush sweeper ac- 
cessory. The turbine brush combines 
the advantage of a power-driven brush, 
previously found only on uprights, with 
the power and flexibility of a tank-type 
cleaner. This brush is powered by a 
unique one-piece fan wheel made up of 
54 curved blades, spaced to allow the 
intake of metallic objects such as paper 
clips, hairpins and the like. 

For satisfactory operation of this tur- 
bine wheel, an exceptional material was 
required—one with high strength in 
thin sections, resilience, and resistance 
to metallic impact. The material had 
to be intricately molded to close toler- 








one of Du Pont’s versatile 
engineering materials 


ances in an economical one-piece mold- 
ing. In addition, lightness of weight, 
abrasion resistance, and good bearing 
properties were needed. The solution: 
a wheel molded of Du Pont ZYTEL 
nylon resin, which fulfilled all these re- 
quirements. The successful design of 
this component, molded by Chicago 
Molded Products Corporation, for Sun- 
beam Corporation, both of Chicago, 
Illinois, also permitted the over-all de- 
sign of the sweeper unit with a low 
profile for maximum furniture clear- 
ance. 

On the following page, you will find 
some additional examples of the basic 
design improvements made possible by 
the use of ZYTEL nylon resins. 














one of Du Pont’s versatile 
engineering materials 





Sleeve bearings for heavy machinery are 
made with sleeves of ZYTEL, reinforced 
with a steel backing that has indented 
perforations and press-fits into the bear- 
ing housing. The good flow characteris- 
tics of ZYTEL enable it to flow easily into 
place through and around the many per- 
forations. ZYTEL provides the necessary 
abrasion resistance, impact strength and 
low noise factor. (Molded by Terhorst 
Manufacturing Company, Minot, N. D.) 
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Full-throttle foot control for motor boats quiet operation of the foot control, and 


is made with gear, rack, guide panel and eliminates salt-water corrosion problems. 
anchor ball of ZYTEL nylon resins. The rack In addition, the unit requires no lubrication. 
and anchor ball have threads molded in to (Molded by Nylon Products Corporation, 
accept the control cable and sheath respec- Clinton, Massachusetts, for Tempo Prod- 
tively. The use of ZYTEL assures smooth, ucts Company, Cleveland 3, Ohio.) 


Designed with ZYTEL 
for smooth, quiet operation 





The products on this page demand smooth, low-noise operation, as well 





Carriage for hospital curtains is molded of 


as varying degrees of strength, abrasion resistance, corrosion resistance, ZYTEL, which provides the smooth, silent 
‘ iii : er , fet aaa é ies operation required in hospitals. This long- 
and freedom from lubrication problems. In each case, the use of ZYTEL wearing part is easily assembled by snap 
meets the combined design requirements and helps assure long, trouble- fitting, needs no lubrication. (By Capital 


: Cubicle Company, Brooklyn, New York. 
free operation. 


Du Pont ZYTEL may help you, too, to save money by reducing POLYCHEMICALS DEPARTMENT 
production costs and giving improved performance under a variety of 
difficult conditions. Find out how by sending in the coupon. Also, ask for Ol DONT 
the new booklet on the properties and advantages of tubing of ZYTEL. ; 


REG. us. pat OFF 


BETTER THINGS FOR BETTER LIVING . .. THROUGH CHEMIST? 











E. I. du Pont de Nemours & Co. (Inc.) ; 
Room 2507Z, Dept. B: 1 23 e ‘ 
Nemours Building, Wilmington 98, Delaware. yY T E L . 
y 4 nylon resins 
Please send me the booklet on tubing of ZyYTEL. as 
I am interested in evaluating ZYTEL for the following use: 





















Alathon Delrin - Lucite 
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Company Position 





Street 















State 


t= Canada: Ov Pont of Canada Limited. P.O. Box 660, Montres!. Quebec 








City 
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BEARING DESIGN OF 
EMERSON ELECTRIC MOTORS 


Is Self-Oiling, Self-Aligning to assure 
Free Starting and Smooth Operation 
at all times-_The bronze bearing in Emerson 


Electric Motors has thousands of tiny cells that cause the 
bearing to act as a metal sponge and feed the shaft journal 
a controlled flow of lubricant. In cooling, it draws off excess 
oil to give free starting at low temperatures. Self-Alignment 
minimizes friction and greatly increases motor life when 
you install Emerson Electric Motors in your appliances 
and equipment. Emerson Electric Motors are custom- 
engineered to meet your specific needs. Call us today... 
you'll like our way of doing business! 


EMERSON ELECTRIC of St.Louis + Since 1890 


DEPT. M34 8100 FLORISSANT ee ST.LOUIS 36, MO. *e €O 14-1800 
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Another new development using 


B.EGoodrich Chemical =» =". 
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USING TWO HARDNESSES OF HYCAR 


these skate wheels play a dual role 


Hard on the outer edge for longer 
wear; softer on the inner edge for 
better traction, less noise. The two 
shades of color you see in these roller 
skate wheels show how two different 
Hycar nitrile rubber compounds are 
used to serve different needs in the 
same product. 

The outer 4%" of each 
wheel is a phenolic com- 
pound made with extra- »> 
tough Hycar rubber for 
better abrasion resistance. 

The inner portion of the 
wheel is made from a softer 
Hycar phenolic compound. 
The two are inseparably | 
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GEON vinyls - 


bonded during molding. 

In addition to providing extra 
wear and other advantages, in other 
applications Hycar also provides ex- 
cellent resistance to oils, chemicals, 
and gasoline. It is often the key to 
improving a product or opening a 


PREMIER /or professional 
skaters, and RENTAL, for 
rinks that rent out skates 
wheels are made using 
two different Hycar nitrile 
rubber compounds by Fo- 
Mac Enterprises, Tulsa. 
B.F.Goodrich Chemical 
Company supplies the 
Hycar nitrile rubber. 





new market. For more information, 
write Dept. FO-4, B.F.Goodrich 
Chemical Company, 3135 Euclid 
Avenue, Cleveland 15, Ohio. Cable 
address: Goodchemco. In Canada: 
Kitchener, Ontario. 


Hycar 


REG,.U.S. PALL OF 


Rubberigyd, LAK 


B.F.Goodrich Chemical Company 
a division of The B.F.Goodrich Company 


*See our catalog in Sweet’s Product Design File. 


HYCAR rubber and latex - 
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GOOD-RITE chemicals and plasticizers 
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dimensionally interchangeable 


square-end atx and hydraulic cylinders 





by 
Mead Specialties Co. 


A114 yf Knox Awe., Chicago 44, Md. 
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“It’s just a matter of logic—and good business. You 


have the equipment, and the experience, to do pre- 


see, we produce rather complex mechanisms. They 
have to hold up under all kinds of tough conditions 
in the field. And since Precision Gearing is at the 
heart of our units, that’s the one place we have to 
know that the quality and accuracy of components 
are consistently right. 


“G.S. produces our Gearing to close-tolerance speci- 
fications—and we’ve found that their respect for 
max. and min. is, if anything, even greater than our 
own. They deliver our Gearing the same from run 
to run, which keeps our production line moving 
right along — we don’t have slow-downs because of 
Gearing variations. And failure in the field from 
Gear trouble is almost unheard of; that means a lot 
in customer satisfaction, not to mention saving 
servicing or replacement expense. 


“Speaking of money, we’ve found that G.S. keeps us 
competitive on costs in the broadest sense. They 


you'Lt FIND G. S. GEARING 
IN TOP QUALITY PRODUCTS LIKE THESE... 


Adding Machines « Aircraft Carburetors & Fuel Metering Systems « Air- 
craft Instruments and Radios « Automatic Musical Instruments « Automation 
Systems + Business Machines « Check Signing & Protecting Machines + 
Clippers for Barbers, Animal Shearing & Hedge Trimming + Cloth Cutting 
Machines * Coin Changers & Counters » Communication Equipment « 
Control Mechanisms « Electric Fans + Electric Motors * Floor Polishers, 
Sanders, Scrubbers, Sweepers * Food & Drink Mixers, Blenders » Home 
Appliances * Lawn Sprinklers « Machine Tools * Meat Tenderizers, 
Grinders, Slicers + Military Equipment +» Motion Picture Cameras & 
Projectors * Optical Instruments * Outboard Motors +» Pneumatic Produc- 
tion Tools «+ Radio & Radar Tuning Assemblies * Radio Anti-backlash 
Gears + Range Finders » Record Changers « Sewing Machines « Steel 
Strap Stretchers « Step Switches » Tapping, Drilling & Threading Equip- 
ment « Telephone Dials + Television Sets * Thermostatic Controls «+ 
Typewriters * Vending Machines » Washing Machines. 


SEND FOR G.S. illustrated folder! See where and how 
we mass-manufacture Small Gearing to uniformly fine toler- 
ances. Folder contains 23 pictures of Small Gears, plant view, 
as well as Diametral and Circular Pitch Tables. Ask for your 
copy on company stationery, please! 











ny 
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cision jobs like ours on a production basis—we aren’t 
paying on the “hand-made” scale. Besides, they 
make all the kinds of Gears and Gearing we need— 
Spurs, Spirals, Bevels, Helicals, Internals, Zerols, 
Clusters, Ratchets, Splines, Hobbing, Worm Gearing. 
That simplifies our specifying and buying—and that’s 
worth money, too. 


“Just one more thing. When we do have a special 
or unusual problem about Gearing, either in pro- 
duction or in development of new projects, we’ve 
found that G.S. is as close as our phone. We’ve had 
their experts in from their factory several times, 
and their broad, practical experience has been 
mighty helpful. It’s like having extra specialists 
right on our own staff! 


“Yes, we depend on G.S. for our Precision Gearing. 
Why don’t you talk to them about your Gear 
problems?” 


FRACTIONAL Ho 
* LF 


Specialties, Inc. 


2635 WEST MEDILL AVENUE 
CHICAGO 47, ILLINOIS 





SPURS © SPIRALS © HELICALS © BEVELS © INTERNALS 
WORM GEARING * RACKS © THREAD GRINDING 


WORLD'S LARGEST EXCLUSIVE MANUFACTURERS 
OF FRACTIONAL HORSEPOWER GEARING 


. Ne depend on G.S. for our Precision Gearing!" 
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TubeXperience in Action 


Feedlines for hungry horsepower... 
diesel fuel injection tubing by Superior 


Fuel injection systems are the heart of thousands of diesel- 
powered trucks, locomotives, roadbuilding equipment, electric 
generators, and marine power plants. The tubing that conveys 
the fuel from injection pump to nozzle assembly is an im- 
portant component. It must resist the stresses of pressure and 
vibration, yet be ductile enough to be cold swaged and upset 
and be cold formed into loops and bends without excessive 
springback. It must have a clean ID, tremendous burst strength, 
and high fatigue resistance. Superior diesel fuel injection 
tubing is just such a premium product. 


Type C-1008 and Type MT-1010 carbon steel tubing are most 
commonly specified for this application, but alloy and stain- 
less steel tubing for pressures above 9000 psi and greater cor- 
rosion resistance is available. Superior also makes tubing for 
many other applications—supplies both general and special 
purpose tubing for aircraft, missiles, electrical, electronic, 


chemical, hydraulic, dairy and nuclear, to name a few. For 
complete information, write Superior Tube Company, 2010 
Germantown Ave., Norristown, Pa. 


SOME REASONS WHY SUPERIOR FUEL INJECTION 
TUBING IS A PREMIUM PRODUCT 


e It will handle pressures to 9000 psi, is hydrostatically tested 
to various pressures according to specification 


e It is cold drawn, dead soft annealed, and seamless 
e It is ID conditioned to remove fissures and other defects 


e It is free from ID radial cracks deeper than .005 in. or 5% 
of wall thickness, whichever is less 


e It is annealed at finish in controlled atmosphere furnaces 
to produce a soft, ductile and scalefree material 


e Fracture tests are performed when requested 


Syoerir file 


The big name in small tubing 
NORRISTOWN, PA. 
All analyses .010 in, to ¥% in. OD—certain analyses in light walls up to 244 in. OD 
West Coast: Pacific Tube Company, Los Angeles, California « FIRST STEEL TUBE MILL IN THE WEST 
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CHAIN. DATA 


CHAINS FOR EVERY SERVICE DETACHABLE LIN 


described and illustrated (indexed as shown) in this new catalog 
to make specifying easier 


CLASS 400 PINTLE 


TYPE H MILL 


CLASS 700 PINTLE 







CLASS 800 STEEL BUSHED | 


MALLEABLE ROLLER 


DRAG OR REFUSE 


COMBINATION 






BARLOOP 


RIVETLESS 


STEEL KNUCKLE 


STEEL THIMBLE ROLLER © 


DRIVE AND CONVEYOR TYPES 


STEEL’ BLOCK 


OLLER 
MEN WHO SELECT CHAIN for power transmission and ASA, INSHED aan 


conveying applications will find this new Jeffrey catalog 
extremely helpful. It recommends types of chains and 
sprockets for various applications, simplifying selection of SPROCKET WHEELS 
the best and most economical for each job. Jeffrey has the 
experience in designing and engineering to help you in any 
specific job —conveying, elevating or transmission drive 
application. For service on your chain requirements, call 
your nearest Jeffrey sales office or Jeffrey distributor. 

For a copy of Catalog 999, write The Jeffrey Manufactur- 
ing Company, 798 North Fourth Street, Columbus 16, Ohio. 





I = ie 





CONVEYING «¢ PROCESSING + MINING EQUIPMENT...TRANSMISSION MACHINERY... CONTRACT MANUFACTURING 
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Denison and Denisor HydrO!Lics tered 
trademarks of Boniose Eos. Bre hnsco 


DENISON 
y-tnOllLica 


This AUTOMATIC, truck handles 
hefty steel coil like a baby 


with smoother, safer 


DENISON hydraulic power 


UID POWER 


FLUID POWER for this “Skylift Giant” industrial truck—equipped 
with a special “Coil Up-Ending Attachment”— means it can easily 
heft rolls of coiled steel weighing from 10 to 40 tons. Denison 
hydraulic power pays off here in smoother, faster, safer handling. 

In leading mills, these heavy-duty trucks speed handling and 

storage without damaging coils. The Coil Up-Ending Attachment 
enters the coil’s inside diameter with a fixed ram...while the out- 
side is gripped by a powerful hydraulic clamp. This clamp-and- 
ram design prevents “telescoping” of coils during handling. 

Three hydraulic cylinders — powered by motor-driven Denison 

3,000 psi Axial Piston Pumps—furnish lifting and clamping pawer. 
All three cylinders are comnected hydraulically in parallel, which 
results in a telescopic-cylinder action—but has the added advantage 
of retaining equal force and speed throughout the stroke at con- 
stant pressure and delivery. 

Result: Operator easily controls lowering speed at any level... 
oe ae and can inch the load up from extremely slow speed to maximum 
ast tant i euit was for which the flow control is set. Safe, fast, smooth hydraulic control 
Transportation Co., helps keep “Skylift’ trucks continuously on-the-job... handling 
Chicago—Division of Yale extra payloads. 


& Towne Mig. Co. The a . : . . » Loe 
“Coil Up-Ending Attach- Here's the kind of job your Denison Hydraulic Specialist can 


RE ped AR help you do now. Call him in. See how Denison hydraulic power 


hydraulic pumps. can help put more payload into your equipment. 


DENISON ENGINEERING DIVISION 
American Brake Shoe Co. 
1240 Dublin Road + Columbus 16, Ohio 


past ytepengeonees DE N isO N 
HYDRAULIC POWER © 
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WEAR RESISTANT 


THOMSON 





AVOID the HIGH COST 
and difficulty of fabricating 
long, hard & straight 
parts by 
conventional 
methods! 


SHAFTS, ROLLS, GUIDE RODS and other long-round parts 
ELIMINATE WEAR and REDUCE COST 


60 Case is the result 
of over 15 years of experi- 
mental work and production experi- 
ence with hardened and ground shafts 
which are a requirement for BALL BUSHINGS, 
the Linear Ball Bearing manufactured by 
Thomson Industries, Inc. 


The special techniques and equipment that have been 
developed enable high production rates and low han- 
dling costs. This permits big savings over conventional 
methods which are plagued with erratic warpage, straight- 
ening and resultant grinding problems. Finished 60 Case 
parts frequently cost less than the scrap losses that result 
from conventional methods. 


60 Case material has a surface hardness close to 60 on the 


Rockwell C scale which is essential to resist wear. 


Long lengths of material ranging in diameter from “4” 


to 4” are stocked to enable prompt shipment of 60 Case 
parts, with or without special machining. Write for 
literature and name of your local representative. 
For emergency needs call collect 
MAnhasset 7-1800 














ADVANTAGES 
of 60 Case 


¢ GROUND FINISH 
¢ STRAIGHT PARTS 


e COST REDUCTION 

e HARD BEARING SURFACE 

 NICK-& DENT-PROOF 

e ACCURATE DIAMETERS ¢ ADDED STRENGTH 
e UNIFORM HIGH QUALITY 


TYPICAL 60 Case PARTS 


GUIDE RODS « SHAFTING « ROLLS ¢ TRAVERS 
PISTON RODS « ARBORS ¢ LEADER PINS « TIE 





KING PINS * AXLES « CONTROL RODS ¢ GUID 
MANDRELS « BEARING ROLLERS ¢ SPINDL 


THOMSON INDUSTRIES 


Inc. 
Dept. C-5, Manhasset, New York 
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‘- ‘| PARTS HARDENED to 60C... 


, increase life... 





DELIVERY FROM STOCK 


RAILS 
ODS 
POSTS 


reduce cost! 








These are no sissies! 


They are AE Hydramite® pumps, the heavy-duty hydraulic 
pumps that start delivering where other ‘‘heavy duty’” pumps leave 
off. Check into them for the tough jobs where you want sheet 
stamina ...the jobs where extra reliability and sustained performance 


are an urgent requirement 


To meet your specific requirements, Hydramite pumps can be 
supplied for constant displacement from 3 to 25 gpm at 5,000 psi 
and 60 to 100 gpm at 3,000 psi for hydraulic fluids with viscosities of 
150 to 300 ssu at 100°F. In special applications they have handled 
viscosities as low as 40 and as high as 900 ssu at LOO°F. Special 
materials and seals permit handling of missile fuels and special fluids 
at higher temperatures. Available in flange, foot or face mounted styles. 


Write or call American Engineering Company, Dept. P-147, 
Philadelphia 37, Pa. Phone: ¢ Umberland 9-3800. 


See our four-page catalog in Sweet's Product Design File, or write us 
for reprint (Catalog P-60) 


AMERICAN ENGINEERING COMPANY 


Division of United Industrial Corporation 
Hele-Shaw® Pumps, Lo-Hed Hoists, AE Marine Deck Auxiliaries, 
Vibra-Grate, Perfect Spread and Taylor Stokers 
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Tapered roller bearings. High-capacity, 
heavy-duty tapered roller bearings support 
the eccentric cam shaft. This means that a 
Hydramite can take more punishment... 
handle heavier unbalanced loads . . . and 
last longer. 





CURVED SUPPERS DISTRIBUTE INSTEAD OF 4 HIGH STRESS. 
THE LOAD LUKE THIS CONCENTRATION UKE THIS 


1 
{ 
: 


Curved Slipper distributes thrust load of the 
plungers and reduces unit stress to the 
point where maintenance is never required 
at what is a critical wear spot in most 
hydraulic pumps. 
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es a Memory 
You Wont For 


A FULL LINE OF CLARE STEPPING SWITCHES 
WITH MANY IMPROVED FEATURES 


















PGi 
I Cle TYPE 210 
j= a Has 10 points, with as 
VS YA many as 120 contacts 
tQ wwe  _—in twelve 10-point levels 
SS or four 30-point levels. 
TYPE 211 


Offers up to 132 contact 
points on twelve 

11-point levels or four 
33-point levels, 









TYPE 20 
Up to 480 contact 
points in twelve 
40-point levels or 
320 in sixteen 
20-point levels. 


TYPE 26 
Up to 624 contact 
points in twelve 
52-point levels or 416 
in sixteen 26-point 
levels. 






—_ 


DIRECT DRIVE 
Up to three 10-point 
levels, plus an off 
position. 





Most complete Stepping Switch 
Catalog ever offered! 

Complete data on construction fea- 
tures, circuitry, performance charac- 
teristics and application advantages 
of the entire CLARE line. 


SEND FOR CATALOG 202 TODAY 
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the New 


CLARE 
CAM-OPERATED 


type 200 offers a program 

control unit in re- 
duced space and with simpler wiring. 
Actuating cams can be cut with a se- 
quence of notches and lobes programmed 
to meet the contact switching desired. 
In addition, the Type 200 acts as a 
memory switch of unusual dependabil- 
ity and long life. 

Operating life is measured in millions 
of steps. Over 30,000,000 operations 
have been logged with two cams and a 
36-tooth ratchet; 10,000,000 with eight 
cams. Models are available with from 
1 to 8 cams. Operating speed is 60 sps, 
self-interrupted, 30 sps, remote- 
impulsed. 

The Type 200, as are all CLARE step- 
ping switches, is available with a wide 
variety of hermetically sealed enclosures 
or dust covers to insure precise opera- 
tion under all conditions. 


Production quantities available in late 
fall. Send for Bulletin CPC-7 


C. P. Clare & Co., 3101 Pratt Blvdy; Chicago 
45, Illinois. In Canada: C. P. Clare Canada 
Ltd., P. O.. Box 134, Downsview, Ontario. 
Cable Address: CLARELAY 





Relays and Related Control Components 
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THE 
original 
SELF-CLINCHING FASTENER 


Fifteen years ago Penn Engineering and Manufacturing 
Company introduced the self-clinching fastener, providing 
load-bearing threads in a wide range of—steel, aluminum, 
brass and copper sheets, ‘‘too thin to thread.”’ 


THE ANSWER TO PRODUCTION FASTENING — This unique, 
exclusive design was immediately recognized as the answer 
to production fastening by leading manufacturers of aircraft 
and missiles, automotive, electronic and communication 
equipment, business machines, farm machinery, electrical 
appliances, transportation equipment, vending machines, 
home appliances, etc. Stimulated the cost-conscious sheet 
metal assembly techniques utilized, today, by many of 
these manufacturers. 


INSTALLED BY A SQUEEZE with the greatest of ease 
(without special tools) Users tel) us that—because the 
shank of PEM nuts acts as their own pilot .. . because, being 
round, they require no indexing . . . because they require no 
special tools... because several may be pressed into place 
in a single operation. . . 


THEY SAVE THEIR COST MANY TIMES OVER... in time, 
labor and special equipment. PEM nuts are one of the most 
profitable items in the assembly line. 

Today, PEM Self-Clinching Nuts are made in six types for 
sheet thicknesses from .030” and up—in steel (with various 
rust resistant finishes), stainless steel, monel and aluminum. 
Sizes range from #2 to 34”. Also made as Blind Fasteners 
for pressure seal applications. 

For complete information, write on your letterhead for 
Bulletin No. CL359 and sample. 
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specify 
PEM WELD FASTENERS 
of Steel 


or Stainless Steel 


PEM Weld Fasteners are designed for production . . . Faster 
Assembly ... Lower Equipment and Labor Costs... and 
corrosion resistance, too, when required. 


SHANK locates and protects threads against weld splatter 
. . eliminates retapping. 


ENGINEERED PROJECTIONS prevent burnouts in thin sheets. 
SIMPLE ELECTRODES... no pilots required. 


ROUND COMPACT SHAPE ... no indexing in assembly .. . 
fit on narrow flanges. 


Write on your letterhead for Bulletin WN-1158 and sample 
for trial. 





Circle 456 on Page 19 














™eeReeee Qe & 


ALL-METAL 
SELF-LOCKING 
SELF-CLINCHING PEM NUTS 


are Tops in performance 


Combine two essential functions in one lightweight, low- 
cost unit. 

The self-clinching feature is the same tried and proven 
original PEM design, recognized by industry as the answer 
to production fastening. It is installed by a squeeze into 
sheet metal, too thin to thread, by standard pneumatic, 
hydraulic or mechanical presses. 

The all-metal, self-locking feavure offers distinct lock-nut 
design improvements required for top performance under 
temperature, vibration and stress requirements of such high- 
reliability services as missile, rocket, aircraft and elec- 
tronic components. 


Exclusive Design ¢ Outstanding Advantages: The All- 
Metal, Self-Locking features of the new PEM Nut speak 
for themselves: 


ONE SLOT design: two rugged semi-circular jaws with 
inherent flexing action—far stronger than several less- 
supported segments. 


FLEXING HINGE: a machined slot at the base of each semi- 
circular jaw retains inherent flexing action, permanently. 
Guarantees against relaxation and loosening in severe serv- 
ice. Permits reuse, repeatedly, without diminishing self- 
locking efficiency. 


PROTECTS THREADS: fewer segments—plus relief of cut- 
ting edges of single slot design, to provide clearance, in- 
sures that no cutting edges come in contact with the screw. 

Made in #308 stainless steel (temperatures to 800° F); 
steel (temperatures to 500° F); high strength aluminum 
alloy (temperatures to 250° F); in sizes from #4-40 to 
#10-32 for use in aluminum, brass, copper, and cold-rolled 
steel sheets of thicknesses from .040 up and stainless steel 
sheets from .050 up. 

Write on vour letterhead for literature and sample for test. 
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NOW 


PEM SELF-CLINCHING 
CAPTIVE STUDS 


“installed by a squeeze 
with the greatest of ease" 


Answering Industry’s demand for a captive stud employing 
the same unique design as the line of PEM captive Self- 
Clinching Nuts—which ushered in production fastening in 
sheet metal assembly — Penn Engineering and Manufactur- 
ing Corp. has produced the PEM flush-head self-clinching stud. 

Saving time, labor, weight on tough assembly jobs, these 
studs make a surprisingly simple operation out of what 
formerly was accomplished by various slow and costly 
makeshift assembly methods, such as welding. 

You simply place the studs—one or several at a time— 
into drilled or punched holes in the panel and squeeze them 
into place with any standard pneumatic or oil-hydraulic 
squeezer or mechanical press. 

The squeezing action embeds the head projections into 
the sheet—the displaced metal flowing smoothly and evenly 
around the back-tapered shank and annular groove to 
securely lock the stud into the panel with high torque and 
pushout resistance. 

Try them. Write on your letterhead for literature and 
sample. Sizes from #4-40 to 5-18. Carbon steel or #305 
stainless steel, for use in various aluminum alloys, brass, 
copper, cold rolled steel and similar sheets in thicknesses 
from .040 up. 
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Mr. Julian Kerlin, Field Service Engineer for Kearney-Trecker Service Division, 
explains the contribution of Micro-Fog Lubrication to MILWAUKEE-MATIC 
reliability and ease of servicing 


Micro-Fog Lubrication 
gives Kearney & Trecker greater 
flexibility in machine design 


The new Kearney & Trecker tape-controlled MILWAUKEE-MATIC is an 
outstanding example of flexibility in modern machine design. In a single 
machine, the MiwaUKEE-Martic performs all the operations of milling, 
drilling, reaming, tapping and boring that usually require several machines. 


The Milwaukee-Matic is designed for maximum “chip time” and minimum 
set up and down time. This requires high reliability of operation and pro- 
vision for rapid servicing. 

This is why Kearney & Trecker engineers chose Norgren Micro-Fog for 
the lubrication system. 


The Micro-Fog centralized air-borne lubrication system gives constant, reli- 
able, metered lubrication at each bearing point. Alarm devices are connected 
to the control system of the machine to give warning of conditions affecting 
proper lubrication. 





This Norgren Micro-fog Lubro-Control 
Unit provides lubrication for the bear- 
ings cn Kearney-Trecker’s MILWAUKEE- 
MATIC, and for the slides, ways, gears 
and clutches in the head. 


lf you design machine tools which 
require measured, reliable lubrication 
of bearings, gears, slides, chains or 
ways, and want greater design flexibil- 
ity, it will pay you to investigate Nor- 
gren Micro-Fog Lubrication. Write for 





As) 








detailed ptr or call your nearby cyl 

: : , a Norgren Representative listed in your 
Micro-Fog is conducted to all bearing points through tubing, eliminat- _ telephone directory. y ns 
ing the need for cumbersome and costly return piping, oil filters, sumps M 
and pumps. The result, as Kearney & Trecker found, is a wider latitude FOUNDED IN 1926 oh 


in machine design. With Norgren Micro-Fog, they were able to make 
maximum use of unitized construction in the MILWAUKEE-MaTrtIc, providing C A NORG REN C0 
af te . 


for fast disassembly and component replacement. 
3442 SOUTH ELATI STREET 


ENGLEWOOD, COLORADO 
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“Will the weld 
be as strong 
as the 
cylinder?” 


Marion Power Shovel asked this 
question when we recommended two- 
piece forgings (at considerable sav- 
ings over the former one-piece forg- 
ings) for use as jack cylinders in 
their giant electric shovels. We an- 
swered “‘yes’’... and tests show the 
weld metal has higher mechanical 
properties than the minimum physi- 
cals required for the cylinder. 











FOUR FORGED-AND-WELDED “equalizing” 
cylinders, like those above, are used to keep 
the upper frame of this Type 5761 Electric 
Shovel level during operation. Made by 
Marion Power Shovel, Marion, Ohio, this 
shovel’s dipper has a 65 cu yd capacity. 


a For strength 
VW, . » . economy 
. +» versatility 








BECAUSE THE HOLE at the cylinder end is small, machining the sleeve 
before the head is welded on is lots easier and faster than machining the 
former one-piece forging. There’s more room to work; the tool can get a good 
grip on the piece, hog out the metal, instea@ of pick it out. The savings are 


more than enough to offset the added welding cost. 


Forged from manganese-vanadium steel, this sleeve-and-head 


cylinder weighs 22,690 lb. 


The sleeve itself is 9 ft, 10 in. long, with a body OD of 
45 in. Flange OD is 48 in.; flange ID, 354 in. The wall is 5-in. 
thick. To produce it, we upset, punch, hollow-forge, double- 
normalize and temper. Then we finish-machine to size, includ- 


ing the weld bevel on the end of the sleeve. 


We forge the head as a disc of 49 in. diameter, and 11-in. 
long. Then we finish-machine it to size (45-in. OD, 934-in. 
long), including the weld bevel, and treat it the same as 


the sleeve. 


The two pieces are then assembled and welded. The 
cylinder receives a stress-relief anneal after welding, and the 
weld is radiographed to assure soundness. Excess weld on the 


OD and ID is then machined off. 


If you have a forgings problem, Bethlehem is a good 
company to get in touch with. We think as hard about one- 
pound drop forgings, as we do about 200-ton press forgings. 
To start us thinking about your forging, call the Bethlehem 


sales office nearest you. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


Export Distributor: Bethiehem Steel Export Corporation 


BETHLEHEM STEEL 
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HOLDING POWER UNDER IMPACT-INDUCED VIBRATION 
5/16-18 x 5/16 Socket Set Screws (1750 cycles per minute) 





T T 

UNBRAKO High Torque 
UNBRAKO 

(knurled cup)* 
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Brand A 
(knurled cup) 
Brand B 
(knurled cup) 
Brand C 
(hexagon cup) 
Brand D 
(specialty cup) 
Brand E 
(plain cup) 





——— Nl NTT 









































80 100 120 
SEATING TORQUE (IN.-LB.) 


*Standard... and at no extra cost ! 
For size range and price information, 
contact your local UNBRAKO 
distributor or write 

Standard Pressed Steel Co., 
Industrial Fastener Division, SPS, 
Jenkintown 18, Pa. 


where reliability replaces probability 
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Here’s how Skinner two-way 
valve design provides long lasting, 
trouble-free operation 


Underwriters’ Laboratories approved 


e Stainless steel internal parts resist corrosion 


Forged naval brass body 


Famous Skinner V5 solenoid operator 


NORMALLY CLOSED TYPE R2 


Well rounded main orifice and pilot seats 


valve with piped pilot exhaust return 
B—Coil 


When you have high-flow control problems 
at standard or high pressures the new Skinner 
two-way R series valves may be the answer. 
These pilot-operated solenoid valves are de- 
signed for use with air, oil, water, inert gases 
and other common media at operating pres- 
sure differentials of 5 up to 1250 PSI. They 
may be used for all types of control appli- 
cations, such as: in high-pressure lifting, 
commercial laundry equipment, machinery, 
machine tooling, spraying, etc. 

Skinner R series two-way 
forged naval brass bodies to provide a dense 


valves have 


metal structure and use a foolproof stainless 
steel piston with soft synthetic insert to 
open and seal the main orifice. Types are 


available normally open or normally closed, 


A—Transparent view of normally open 2-way R type 


C—Sleeve, plunger and spring assembly 
D—Piston assembly with soft synthetic insert 












iy 
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in standard and explosion-proof construction. 

To make installation easy for every appli- 
cation, a wide choice of electrical housing 
options is available. These include JIC, AN 
connector, automotive terminals, etc. All 
housings can be rotated 360°. Manual over- 
ride is also offered to permit manual opening 
of normally closed valves, or closing of nor- 
mally open valves, in emergency. 

Skinner R series valves may be used with 
all common voltages and frequencies and 
there are several coil types such as: varnished, 
molded waterproof, tropicalized and high 
temperature for specific applications. 

The R series, illustrated here, is just one 
in a complete range of 2-, 3- and 4-way 
Skinner solenoid valves. 






TWO-WAY R SERIES SPECIFICATIONS 



























R2 R2H RP1 
Types R2H6 
¥P XR2 XR2H XRP1 
Position Normally closed Normally closed Normally closed Normally open 
Pipe Size (NPTF yy" Sd a" yy" 
Iry Seal) 
Orifice Size “” a” yy" 
Cv Factor 758 758 -758 .758 
Operating Pressure 
Differential (PSI) 
Minimum 5 5 5 5 
Maximum AC Service 200 1250 a 150 
Maximum DC Service 200 500 1000 150 
Leakage Bubbletight Bubbletight Bubbletight Bubbletight 
Temperature Range Minus 40°F to Minus 40°F to Minus 40°F to Minus 40 F to 
(Ambient and Media) plus 180°F plus 180°F plus 180°F plus 180°F 








When you specify solenoid valves, specify Skinner. Skinner solenoid valves are distributed nationally. 


For complete information, contact a Skinner Distributor 
listed in the Yellow Pages or write us at the address below. 


SKINNER vaives 


SKINNER ELECTRIC VALVE DIVISION, 
THE SKINNER CHUCK COMPANY ¢ NEW BRITAIN, CONNECTICUT, U.S.A, 





THE CREST OF QUALITY 


PRINTED IN U.S.A. 
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Why it’s 


all-important to get 


good microfilm pictures! 


Your success with an automated drawing 
file depends mainly on the quality of your 
microfilm reproductions. 


They must be completely legible when checked in 
film readers . . . they must also produce accurate, 
easy-to-read paper prints and duplicate microfilms. 

Here’s where Recordak techniques and quality 
controls, developed over years of research, pay rich 
dividends for drafting rooms large and small. They 
provide remarkably sharp and uniform pictures on 
low-cost 35mm microfilm which more than meet DOD 
requirements (120 lines per mm resolution at 30 to 1 
reduction ratio). 


Mounting these superb Recordak microfilm frames 
in aperture cards gives you an active drawing file 


SRECORDERK 


(Subsidiary of Eastman Kodak Company) 
originator of modern microfilming 
—now in its 33rd year 
IN CANADA contact Recordak of Canada Ltd., Toronto 
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always avail- 
able for easy viewing in a Recordak film reader. 


which can be kept at the finger tips... 


And when paper prints are needed, reduced-size 
prints can be made fast—directly from the “‘micro- 
film’’ card—by low-cost photographic, xerographic 
or electrostatic methods. Duplicate cards can also be 
made for branches, vendors, government agencies 
for pennies apiece. 

Send for free booklet giving additional details on 
this precision system available through Recordak and 
its nation-wide dealer organization. 

















eoeereeeeceee sMAIL COUPON TODAY*++***227*? 
« RECORDAK CORPORATION DD-8 

* 415 Madison Avenue, New York 17, N.Y. 

. Gentlemen: Send free booklet describing RecorDAK Engi- 
2 neering Drawing System. No obligation whatsoever. 

~ Name 

e Company. 

° §=6Title 

7 Address. 

P City. Zone State 





HERE'S ALL you po! Unscrew the two fittings that join the 
Purolator GF-11 Filter to the fuel line. Throw away the 
dirty filter. Fasten in the replacement. Now you're ready 
for 5,000 miles of efficient, trouble-free fuel filtration. Total 
time involved? Less than 5 minutes. 


MOTORS RUN SMOOTHER... Because this Micronic® filter 
removes dirt, metal, rust, scale and gum... even micro- 
scopic particles down to 5 microns. 

ADAPTABLE TO ALL GASOLINE ENGINES. Purolator fuel filters 
like the GF-11 shown above, are standard equipment on 
most 1960 cars. However, it can be inccrporated into the 
fuel system of almost any gasoline engine — automotive, 
portable or marine. 


MORE ADVANTAGES. Easy installation and replacement is a 
big reason for the popularity of the Purolator GF-11 Fuel 
Filter. But here are more: 


Filtration 
for Every 


Known Fluid 


*PEAK EFFICIENCY. Because Purolator replacement filters 
are inexpensive, and easily installed, chances are they'll be 
replaced at proper intervals — and always work at peak 
efficiency. 
° LONGER SERVICE LIFE. Because of the special pleated con- 
struction of the filtering unit, the GF-11 has fully 70 square 
inches of filtering surface. It operates longer at peak 
efficiency. 
*coMPACTNESS. The GF-11 measures about 3” by 1%”. It 
can be installed either horizontally or vertically. 
*veRSATILITY. The GF-11 Filter can be installed as an 
O. E. M. item on practically any gasoline-engine — from 
sport cars and garden tractors to power mowers and 
midget racers. 

For complete information on the GF-11 and other Purolator 
filters, write to Purolator Products, Inc., Department 3849, 
Rahway, New Jersey. 


PURQOLATOR 


PRODUCTS, INC. 


Rahway, New Jersey, and Toronto, Ontario, Canada 
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BARBER-GREENE specifies 
INTERNATIONAL Power 


for world’s leading line of asphalt plants! 


“For 30 years Barber-Greene Continuous Plants have 
played a major role in making asphalt paving the 
world’s most used road surface. Since the 30’s road 
builders have been able to produce a controlled high- 

Report from Guy Banister, quality mix in high volume at low cost, and that calls 

Chief Technical Engineer, for efficient power. 

Barber-Greene Co., Aurora, Ill. “Because the whole paving operation depends on our 
plants for asphalt production, plant downtime can run 
as high as $5,000 hourly. And since engines on the 





‘We standardized on International plants operate under continuous load 8 to 10 hours 
s . daily—that calls for dependable power. 
diesels for Barber-Greene Continuous Mix “Since Barber-Greene Continuous Mix Plants are 


. ’ highly mobile—often moving to 6 or 8 jobs in a season— 
Asphalt Plants in 1947, and owners reports that calls for engines supported by an excellent parts 


prove we made an excellent choice.”’ and service organization. _ 
“International diesel engines meet Barber-Greene 


standards for efficiency, dependability, and parts and 
service support. That’s why we standardized on IH 
power for these plants. Performance records over the 
past 13 years show that our customers, too, are satisfied 
International users’ 

You, too, can build into your products the advantages 
of International power. Check the complete Interna- 
tional engine line—35 carbureted and diesel models from 
16.8 to 385 max. hp. You'll like the one common feature 
of all 35 engines: fastest payback power for users. Just 
call or write International Harvester Co., Engine Sales 
Department, Construction Equipment Division, Melrose 


Park, Ill. 
m INTERNATIONAL’ 

















‘'s 
e 
g 2 

| 
© International Harvester Co., 
e 180 North Michigan Ave., 
k Chicago 1, Illinois 


A COMPLETE POWER PACKAGE 
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-. CONTINUOUS PROCESSING 


CAMBRIDGE METAL-MESH BELTS help you beat today’s profit 
squeeze—give you the low-cost production and high product 
quality needed for the competitive ’60’s! 


Combined movement and processing; means metal parts, foods, 
ceramics or chemicals are processed faster, more uniformly—with- 
out costly manual handling. High product quality is maintained 
because heat, cold or liquids flow through the belt and around the 
product for thorough treatment. Cambridge Belts save on operat- 
ing costs, too. Superior belt design and manufacturing techniques 
mean longer life, fewer repairs, lower operating costs. Belts can be 
made heatproof, coldproof or acidproof—in any mesh, weave, 
metal or alloy——with any side or surface attachments. 

Whether you're designing machinery for your own use, or for 

resale, the Cambridge Field Engineer in your area will be glad 

to discuss the many advantoges of Cambridge Belts—from the 

meonufacturing end to installation and service. Call him today. 


He's listed in the yellow pages under “Belting, Mechanical”. 
Or, write for FREE 130-PAGE REFERENCE MANUAL. 


“the The Cambridge Wire Cloth Co. 


DEPARTMENT N . CAMBRIDGE 8, MARYLAND 
Maonvufocturers of Wire Cloth, Metal-Mesh Conveyor Belts, Wire Cloth Fabrications 
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to fasten 
panels 
or parts... 


NNANAAANS 
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TRIMOUNT MR) = 
STUDS 


Designed for rapid assembly of sheet-metal, 
plastic or composite structures, Dot Trimount 
studs are available in both permanent and remov- 
able types. They can be pushed into drilled, Push Rivet Stud Push Rivet Stud Push Rivet Stud 

stamped or molded holes by finger-pressure alone Shoulder Type (Capped) Tapered Type (Capped) Shoulder Type (Not Capped) 


yet they lock positively in place and resist con- 
stant vibration. yy * *4 
| ‘ x 


Studs can be designed in steel or brass with var- 

ious flange configurations for clinch, clip or clamp Sueiiinay teatecettadet eens ser 
attachment to flexible or rigid panels as well as 
for push-through assembly. Available in all stand- 
ard finishes. . . with or without decorative caps. 





DESIGN ; 
ENGINEERING SERVICE " 
Trim Stud Trim Stud Panel Type Stud 
Designers, metallurgists and plastics specialists Barrel Type Scissors Type 


on Dot’s engineering staff are equipped to work 


out optimum combinations of metal and plastics ' \ we Q, 
to suit your particular requirements. \Qe ~ 
> For further details, & 


write for Engineering Data Catalog, Section H er a nial 
Staple T ’ 
pt Rs taple Type Hook-on Type 


y °c. CARR FASTENER COMPANY 


Division of United-Carr Fastener Corporation, Cambridge 42, Mass. 










And Offices in: Atlanta, Boston, Chicago, 
3 Cleveland, Dallas, Detroit, Kalamazoo, Los Angeles, Louisville, New York, Philadelphia, Syracuse 





ot 
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Wherever in 
the world your 
hydraulic machinery 
operates... 








Shell Tellus Oil is there 


Other outstanding Shell 
industrial Lubricants available world-wide 


Sheil Rimula Oils —for heavy-duty diesel 
engines 

Shell Talona R Oil 40—anti-wear crankcase 
oil for diesel locomotives 

Shell Alvania Grease — multi-purpose in- 
dustrial grease 

Shell Turbo Oils—for utility, industrial and 
marine turbines 

Shell Dromus Oils—soluble cutting oils for 
high-production metalworking 

Shell Macoma Oils — for extreme pressure 
industrial gear lubrication 

Shell Voluta Oils — for high-speed quench- 
ing with maximum stability 





AN INTERESTING FACT! 
Every Shelli Branded Industrial Lubri- 
cant is named for a sea shell. Shown 
here is the Culteltus costatus. 





Around the world, Shell Tellus Oil is available—under the 
same brand name and providing the same performance that 
your domestic customers rely upon. 





Tellus® Oil is top-rated as both a lubricant and control 
fluid for complex hydraulic systems. Its ability to combat 
oxidation, rust, sludge formation, wear and foaming has 
earned it world-wide popularity. 

No matter where your hydrdulic machinery is shipped, 
make Shell Tellus Oil your standard recommendation. Write 
for complete information. 


SHELL OIL COMPANY 


50 WEST 50TH STREET.............NEW YORK 20, N.Y. 
100 BUSH STREET. .....SAN FRANCISCO 6, CALIFORNIA 
IN CANADA: SHELL OIL COMPANY OF CANADA, LIMITED 
505 UNIVERSITY AVENUE........ TORONTO 2, ONTARIO 
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Make this erasure test and see for yourself why... 


CRONAFLEX® HAS THE BEST DRAFTING SURFACE YOU CAN USE! 


A good example of the consistent, balanced surface of 
CRONAFLEX is its superior erasability. CRONAFLEX not only 
erases easily and cleanly; it takes repeated erasing without 
ghosting or surface damage. 

To prove it, make this simple test: draw a series of 6 lines 
horizontally on CRoNAFLEX. Erase a vertical path through 


Notice how cleanly and evenly CRONAFLEX (left) erases, without smudging or ghosting 
Notice density and consistency of bottom line, drawn through 5 erasures! Compare same 
test made with good grade of pencil cloth (right). Bottom line drawn through erasure 
path is not uniform; erasures are uneven 
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each line as you draw it, with a stroke long enough so that 
each succeeding line is drawn through another erasure. Now 
make the same test on the best grade of pencil cloth you 
have and compare the results. For more proof, reproduce 
each sample in a diazo machine and compare the prints. 

Superior covering power, cleanness of erasures and con- 
sistent line density —despite repeated erasing —are just a 
few of the reasons why CRONAFLEX gives you the best drafting 
surface you can use. For others, contact your local Du Pont 
Technical Representative or call your local Du Pont Photo 
Products Sales Office listed below. E. 1. du Pont de Nemours 
& Co. (Inc.), Photo Products Department, Wilmington 98, 
Delaware. In Canada: Du Pont of Canada Limited, Toronto. 


REG. U. 5. pat. OFF 


Better Things for Better Living . . . through Chemistry 


Atlanta 18, Ga., 1737 Elisworth Dr. N. W.; Waltham 54, Mass., 45-4th Ave. (Boston,, 
Chicago 46, Ill., 4560 Touhy Ave., Edgebrook Sta., Cleveland 16, Ohio, 20575 
Center Ridge Road; Dallas 7, Texas, 1628 Oak Lawn Ave.; Los Angeles 38, Calif 
7051 Santa Monica Bivd.; New York 11, N. Y., 248 W. 18th St., Wynnewood, Pa 
308 E. Lancaster Ave. (Phila.). Export, Nemours Bldg. Wilmington 98, Del In 
Canada’ Du Pont of Canada Limited Toronto 
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Everyone concerned with temperature control will 
want to read this new Fenwal Bulletin, “Smarter 
Looking — Smarter Acting Electronic Temperature 
Controllers and Indicators.” 

These modern transistorized instruments with ther- 
mistor sensors can be more precisely matched to re- 
quirements over a range from — 50 to +600°F. Their 
many interchangeable, optional features let you order 
exactly what you need. And you can combine instru- 
ments ... “build” to your specifications. 

Here are just a few possibilities: single-point control 
... Single-point control and indication . . . indication of 
up to ten controlled temperatures ... ON-OFF or pro- 


ve W att / portioning . . . indicating or non-indicating . . . set- 
. 


point adjustment at instrument or remote...expanded 


scales for fine temperature adjustment .. . and many 
I need 1t too }?? more. Ratings up to 10 amp/110 VAC. Each instru- 
* ment is professionally styled to perfectly complement 


modern industrial machines or interiors. And, best of 
all, Fenwal design keeps costs reasonable. 

Get your copy of “Smarter Looking — Smarter Act- 
ing.”’ Then get the benefits of this versatile new instru- 
ment family. Write FENWAL INCORPORATED, 199 
Pleasant Street, Ashland, Mass. 





Another 


example of how CONTROLS TEMPERATURE... PRECISELY 
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“The Gravity Kid” shows how 


CONTOUR-WELDED STAINLESS TUBING 
DEFIES CORROSIVE ATTACKS 


It’s smoother inside than any other tubing—vwelded or 
seamless—because the patented* Contour-welding proc- 
ess virtually eliminates the weld bead. And this smoother 
surface ensures greater resistance to corrosion —simply 
because there are fewer focal 
points for corrosive attack. 

You see, in conventionally 
welded tubing, gravity pulls 
the molten metal down into the 
tubing. This forms a bead that is 
difficult to remove by cold work- 
ing. And cold working can lead to 
undercuts that become focal areas for cuiwiabe attack. 





Contour-welded tubing, however, is welded at the bot- 


*U.S. Patent 2,716,692 


tom. Gravity still pulls the molten metal down. But now 
the weld atea corresponds to the contour of the tube. 
There’s virtually no weld bulge on the inside surface. 
And even on the O.D., the weld seam closely conforms 
to the tubing contour. 

Contour-welded tubing is smoother, too, than seam- 
less. That’s because it’s formed from uniformly rolled 
strip steel whereas seamless is extruded from a billet. 

3ut get full details on this corrosion-resistant tubing. 
Send for our free 48-page manual on Contour-welded 
tubing in sizes from 1/8” to 40” O.D.—in stainless and 
high alloy steels, titanium, zirconium, zircalloy and 
Hastelloy.** 


**Trademark Haynes Stellite Co, 


TRENTWELD’ stainiess and High Alloy Tubing 


Trent Tube Company, a Subsidiary of Crucible Steel Company of America. General Offices and Mills: East Troy, Wisc.; Fullerton, Calif, 
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A real self-drilling screw! 





Uniform Hex Head—Same size hex 
head on the entire range of Tapits from 
#6 to #10 means you need only one size 
driver socket. Sharp corners, well-filled 
driving faces reduce socket wear. 


P-K Tapits actually dri// their 
way into light gage sheets 
when driven with a power 


driver! You eliminate hole drilling or Advanced washer design—the serrated 


washer scientifically distributes driving stresses 
. minimizes stripping. 


&§ Sharp-crested threads—Holes drilled by 
mw 86 P-K Tapits are exactly root diameter. Tapits hold far 


speed sheet metal assemblies up to 50% tier heusene Ciba it emeneeinait diitetiel 
t fectly. 
What's more, P-K Tapits have a i, mates perfectly 


Properly hardened—P-K's exclusive laboratory- 
/ controlled hardening and tempering process results 


in a uniformly hardened screw with a tough core. 

USE P-K’S MAGNETIC DRIVER SOCKET FOR POWER DRIVING! 

You need only one size driver socket to drive any P-K Tapits! 

Get the P-K driver socket with a strong Alnico magnet 

that firmly holds the Tapits. Fits any ‘4’ driver with adjustable 

® 

originator of the tapping screw 
PARKER-KALON, a division of General American Transportation 
Corporation, Clifton, New Jersey. Offices and warehouses 

in Chicago and Los Angeles. 


clutch, Socket can be refaced to extend life. 
P K TAPITS Pendng 


TEST P-K TAPITS FOR YOURSELF! ASK YOUR DISTRIBUTOR FOR FREE SAMPLES 
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punching with this newest idea in 
tapping screws from Parker-Kalon... xX 


e: 
serrated washer, integral with the head, _ - 
that minimizes stripping, by acting yi 
as a built-in brake. \ g i 

Production line tests with millions PS 
of P-K Tapits prove these advantages . s 


you get with no other screw: 


Unique drill point—Tapits start drilling immediately! 
The cuneiform (pyramid-type) point prevents walking, 


skidding or creeping! 

























For Your Power Drive - Design «- Application or Replacement Maintenance 


tree's = gp CYLINDER 


That Can Assure Accurate Efficient Operation 








Only T-J’s complete line can assure you standard tie-rod air and hydraulic, to the 
a cylinder of either air or hydraulic exclusive T-J Spacemaker, and including 
application—with practically limitless the recently introduced Squair Head, 
design specifications for bore, stroke, T-J cylinders give you more features 

| pressure range and even delivery for efficient, long-lasting operation. 
requirement. From the time-tested, Write today! 













TOMKINS JOHNSON | 
I ¢ varmgges 
THE ONLY 
COMPLETE 
ENGINEERING H-47 for $Q-1058-4 No. 5&4 for: HSM5-58-4 
CATALOG standard tie-rod for the T-J standarc tie-rod the incomparable for the High- 
hydraulic cylinders. Squair Head air cylinders. Spacemaker Pressure Hydraulic 
LINE, TOO! cylinder. cylinder. Spacemaker cylinder. 


THE TOMKINS-JOHNSON CO, -scxson. mice 
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1 thru 200 horsepowe 
(other ratings 1/200 to 1 h.p.) 


Longer Life because High Velocity 
“Dual-Sweep" ventilation Cools and Cleans! 


Rossins & Myers “Dual-Sweep” 

ventilation is a new concept in high 

velocity internal cooling and clean- 
ing, designed to greatly prolong motor life. Tandem fans— 
one pushing, one pulling—create end-to-end ventilation that 
eliminates “dead” areas and converging air currents which 
deposit dirt. Venturi baffles at each end of the motor direct 
air in a washing action over and around end coils where 
it’s most needed. Passages between field and outer shell form 
a “cylinder of air” which carries off motor heat. 

RaM motors’ long-life insurance also includes these fea- 
tures: Mylar* insulation that has 8 times the dielectric 
strength and 35 times more moisture resistance than ordi- 
nary paper insulation double width bearings with 
extra-large grease capacity . . . end heads that offer full 
height protection . . . removable caps for quick bearing in- 
spection and re-lubrication. For details, write today for 
Bulletin 520 MD 


*DuPont registered trademark 
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ROBBINS & MYERS, INC. 


motors, household fans, Propellair industrial fans, hoists, Moyno industrial pumps 
SPRINGFIELD, OHIO » BRANTFORD, ONTARIO 
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Teletype Model 28 
punched tape units 


The Teletype Model 28 tape reader and typing tape punch 
combine proved dependability of operation with a variety of 
features which help streamline data communications systems and 
save the time of attendant personnel. 


¢ Convenience. On the Model 28 tape reader, a single 3-position 
start-stop lever controls ‘‘on,”’ “‘off,” and ‘‘ freewheeling.” 

A specially designed tape lid, conveniently hinged, will 
accommodate either chadless tape or fully perforated tape, without 
intermediate adjustment. 





The Model 28 tape punch not only perforates intelligence Send-Receive Page Printer Automatic Send-Receive Set 
into tape—it simultaneously “prints out” the data right on the FREE Model 28 line folder. Write Dept. 28H, 
tape, thus greatly facilitating handling and storage. 5555 Touhy Avenue, Skokie, Illinois. 


¢ Low Maintenance. Both units are designed for extremely low 
maintenance, with all-metal clutches that require oiling only once 


or twice a year, depending on usage. ® 
¢ Reliability. Teletype tape equipment is the product of 

extensive research and precision manufacturing facilities. It is 

made for continuous, day-in, day-out service with minimum 


upkeep. Teletype Corporation manufactures this equipment for the 
Bell System and others who require the utmost reliability from Cc O R P O R AT J O id 
their data communications systems. sussioiary or Western Electric Company we. 


See Teletype Corporation’s equipment exhibit at the Western Electronic Show & Convention, August 23-26, Los Angeles, California. 
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YOUR OWN MEN CAN BUILD 
THIS LOW-COST, 

AUTOMATIC FILLING AND 
CAPPING MACHINE 








al 


Car 








Packaging operations of all kinds can be automated 
quickly and economically with simple equipment built 
around Bellows “Controlled-Air-Power” Devices. This 
“SPOT-A-MATION IDEA” is typical of the methods used. 
Originally designed to fill and cap paint cans, it has 
been adapted to a variety of packaging operations. 
Bellows equipment has been used in packing and heat 
sealing plastic bags of sauerkraut, filling and capping 
glass pill bottles, and packaging granular material in 
paperboard containers, to cite a few examples. 

In the sketch above, a belt conveyor feeds empty cans 
onto a Bellows Rotary Table equipped with a special top 
(#4), causing it to index through the work stations. 
After a container has been automatically positioned 
under the filling hopper, the piston rod of Bellows Air 
Motor #1 retracts, allowing paint to flow into the can. 
When a predetermined weight is reached, a limit switch 
is tripped and the piston rod advances to cut off the 
flow. At the next work station, Bellows Air Motors #2 
and #3, operating alternately, deliver a lid to position 
and press it onto the can. At the last station, the filled 
and capped container is removed by a powered belt con- 
veyor. All Bellows Air Motors are synchronized and 
electrically interlocked to assure proper timing and 
sequence of operations. 

This is just one type of operation which Bellows Work 
Units can “spot-automate” simply and at low cost. 
Chances are there are scores of others in your plant. 
Why not investigate — today? 


THIS SPOT-A-MATION IDEA 
FILE IS YOURS ON REQUEST 


Contains installation data, wiring dia- 
grams and equipment lists for the filling 
and capping machine as well as a score of other spot-automation appli- 
cations of Bellows “Controlled-Air-Power” Devices. Write Dept. MD-860, 
Bellows-Valvair, Akron 9, Ohio. 











Another typical applica- 
tion of Bellows equip- 
ment in packaging oper- 
ations is filling cans with 
semi-liquid hand soap at 
Sugar Beet Products Co., 
Saginaw, Michigan, 
where production was 
increased 100%. 








1445B-3 


Bellows -\/alvair 


The Bellows Co. + Valvair Corp. Akron 9, Ohio 
DIVISIONS OF INTERNATIONAL BASIC ECONOMY CORPORATION (IBEC) 
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~NEW SMALL MAGNETIC STARTER 


COSTS LESS, SAVES SPACE 
ON LOW-HORSEPOWER JOBS! 


Square D NEMA Size 0o 
Starter Rated 44 to 2 Hp 
for 3-Phase Service 






























e You no longer need to buy more 
starter capacity than you can use for low- 
horsepower jobs! This new Square D 

1&U a Size OO starter is compact, easy to in- 

NEMA SIZE 99 ont ate stall, simple to use and maintain—and 

rat WP RATING gas it costs 18% less than the Size O starter 

be ae nae you formerly had to specify to get the 

[rss =e advantages of magnetic control! With 

J COI FOR conrry no sacrifice in quality, this new starter 

oe erred provides: straight-through wiring — 

ROE WLS a pressure-type terminals— 1-piece over- 

load relays for complete motor protec- 

tion—pushbutton or selector switch 

optional in the cover. Also available 
without overload relays. 


GET THE COMPLETE STORY! Write for Bulletin 
SM-297. Square D Company, 4041 North 
Richards St., Milwaukee 12, Wisconsin. 


4 New starter is available 
1 either open or in NEMA 
Type 1 enclosure. Enclosure 
shown with selector switch 
in cover. 





SQUARE J) COMPANY 





wherever electricity is distributed and controlled 
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ONE MAN 
ONE TRADE 
ONE TOOL 
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»..-your production line 
back in operation in Sak | ae : 


30 SECONDS 


(if it’s a Hunt PDQ Air Control Valve) 
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7 accessibility ™ simplicity speed and capacity [7 price and quality 


. 





No bulletin can do it justice...have the Hunt man call. Write to: 


v[] HUNT VALVE COMPANY ow sion or 18ec SALEM, OHIO 


wiOl. os fel Quick-As-Wink AIR & HYDRAULIC CONTROL VALVES 
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Job Recipes 


LMOST any job can _ be 
A broken down into four essen- 

tial ingredients: Initiation, 
decision, communication, action. 

Every job accents one or more of 
these four factors. Main emphasis 
for a technician or draftsman, for 
instance, might be action—running 
a test, making a drawing, operating 
a computer. A salesman may spend 
all of his life on communication— 
transmitting facts and ideas from 
seller to buyer. An executive’s job 
may be thought of as_ primarily 
initiation and decision. 

An engineer is usually a man of 
decision and action. But perhaps 
he’s moved to a supervisory job. All 
of a sudden, he’s in work that re- 
quires emphasis on communication. 
Sometimes, like a poorly made cake, 
he falls flat. 

All of which points up a basic 
rule of life: If you’re going to bake 
a cake, you’ve got to pick the right 
recipe. If a job calls for communi- 
cation, you can’t substitute action 


Despite its simplicity, this hard 
fact is not well recognized. Many 
engineers changing jobs, for in- 
stance, will examine type of work, 
benefits—but 
once query what basic, innate tal- 


wages, hours, never 
ents the new job requires. And many 
an engineer goes on for years in his 
job without once changing his meth- 
ods. 

All of us need an occasional re- 
appraisal of our “fit” with the re- 
quirements of a job. Maybe we're 
not supplying enough communica- 
tion. Or perhaps we should be initi- 
ating new ideas or projects. Or may- 
be management is looking for a man 
with more decision-making capabili- 
ties. 

In any case, the examination 
should help decide whether the job 
we're doing is a gourmet’s delight— 


or just half-baked. 


Ket L SMU 


ASSOCIATE MANAGING EDITOR 
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OW to make design information readily 
HH available is a problem to an engineering 

organization of any size. For a small organ- 
ization, circulation of the information by word of 
mouth or memorandums is generally sufficient. Simi- 
lar methods will serve when there is little or no 
diversity of product. 

However, increasing size of the organization, di- 
versified production, or large personnel turnover 
may make some more suitable method of present- 
, 


ing design information necessary. Establishing 
design handbook can provide the answer. 


Advantages of a Handbook 


Design handbooks offer several advantages: 


1. Serve as a record of design decisions which may be 


applicable to future products. 


2. Present the particular design methods acceptable to 
the company. ‘ 
3. Aid in the education of new design employees. 


. Serve as a constant source of reference information for 


+ 


all design employees. 


As a record of design decisions, the handbook 
reduces the number of decisions that must be made. 
For example, recommended maximum design stresses 
for a fastener for use in plastics are chosen. Once 
the choice is made and recorded in the handbook, 
all similar fastening problems can be based on the 
original decision. 

A product always has some desirable character- 
istics which distinguish it from competitive products. 
When these special features are a result of design 


MAcHINE DesIGN 














Design Handbook 


effort, the method of attaining them should be 
included in the handbook as required practice. 

New employees in a design group may be well 
trained in the methods of a competitor or of a dif 
ferent industry. These methods are not necessarily 
applicable to their new company’s design effort. 
Through use of a design handbook which sets forth 
practices acceptable to the company, both the train- 
ing period and early supervision may be consider- 
ably reduced—and the employee has reassurance 
that his work will be acceptable to his new employer. 

Without a design handbook, a designer must have 
the memory of an elephant or a drawer full of dis- 
organized memorandums to keep all past design 
directives constantly in mind. A design handbook 
assures him of a ready reference in which he can 
quickly find all the set rules which may affect his 
work. 


What the Book Should Contain 


If a decision is made to provide a design hand- 
book, the first step is to establish a well-organized 
outline of the data to be included. Outline head- 
ings should be general, distinctly different and de- 
scriptive, with details arranged logically under them. 
The outline should be co-ordinated by key design 
personnel and others who may be in a position to 
offer constructive criticism. 

The type of information to be included will nec- 
essarily vary with the kind of product to be de- 
signed. A procedures section telling how to get 
rarious design jobs done may be necessary; this 
is usually easy, since it is merely a description of 
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procedures or systems already in use. Such a sec- 
tion is especially useful to new employees. 

The essence of a handbook, however, 
must be design criteria—the “how, what, and why” 
of design practice. A handbook should 
contain data on how to design the part, assembly, 
or product. For example, a sheet-metal part may be 
formed on a press brake, stamping press, hydro- 
press, or by several other methods. 

The design handbook should give enough in- 
formation on the available forming equipment to 
indicate which method is most suitable for a given 
part. For example, some forming methods require 
an extra flange which is later trimmed off. A part 
requiring the full width of a sheet of metal could 
not be formed by this method for there would be 


design 


design 


no flange to insure proper forming. 

If a part is wide enough and short enough, it can 
be formed on a press brake. If it is narrow, it can 
be roll formed. If the part must be of thick ma- 
terial, buying an extrusion may be a better solution. 

A thick part, such as an extrusion which must be 
formed in the lengthwise dimension, can readily 
be given a curvature on a stretch press. However, 
the stretch press will reduce the cross section de- 
pending upon the amount of stretch. If this method 
is adaptable to the company’s production system, 
the design handbook should carry information on 
cross-section reduction for the stretch press, 

Sheet metal can be bent to a certain minimum 
radius depending on the alloy and the thickness. 
The design handbook might carry a table for each 
metal used showing the minimum bend radii versus 
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thickness for the different alloys of that metal. Alu- 
minum alloy 3003 is soft and quite readily bent 
to a small radius. 1024-T is a harder alloy which 
comes from the mill in the heat treated condition 
and will crack if bent to the small radii possible for 
3003 alloy. 

Handbook information might indicate the type 
of part for which each alloy is suitable. For ex- 
ample, 3003 or 5052 aluminum alloys could be 
recommended for electronic cases and chassis but 
their use prohibited where structural strength is 
required. However, even where strength is a factor, 
5052 may be acceptable for a welded part because 
the harder alloys such as 1024-T are not weldable, 
or are welded only with the greatest difficulty. All 
such information is valuable as design data. 

Design data should answer the questions: 


What shall the part or assembly be? 


How shall it be fabricated? 


Why are these recommendations made 


[he answer to “why” may best be met by the 
method of presentation. For example, a chart show- 
ing the relative weldability of alloys is preferable 


to a list of alloys on which welding is permitted. 


How Drafting Information Fits In: Drafting and 


design information can often be included in the 
same manual. As a company grows, however, the 
drafting sections are frequently separated. 

A drafting manual tells how many drawings must 
be made for each part, assembly, or final product. 
The types of drawing such as layout, assembly, or 
schematic are explained and the company rules for 
making them are included. In short, it tells how 
the design shall be shown, how many views, how 
much detail, and what this detail shall be. 

Examples of these details might be: How to show 
left and right identical parts, how to show mating 
parts, or how to show fastener locations. 


Standards: Sections of the drafting manual are 
sometimes called “drafting standards,” just as sec- 
tions of the design handbook are sometimes called 
“design standards.” However, another type of data 
are more properly called “design standards.” This 


type is found in a standards manual. 


Basically, the standards manual is a collection 
of government, industry, and company standards. 
It may be included as a section of the design manual, 
or may be a separate volume. Most standards are 
parts or hardware such as fasteners, extrusions, tube 
fittings, and electrical parts such as resistors and 


condensers. 


However, some standards are not for 


a part but are for control of design practice. Ex- 
amples are standard cutouts for electrical connectors 
and standard dimensions for flared tubing ends. 
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¥ Steps in Design 


Handbook Preparation 


6 Prepare charts, diagrams tables 


§ Edit rough draft 
4 Co-ordinate work of experts 
3 Assign sections to experts 


2 Prepare rough outline 


] Assign editing responsibility 





Q Produce complete book 
8 Design format 


7 Edit final, complete draft 














Organizing for Handbook Preparation 


Once the kind of information to include in the 
handbook is determined, someone must be assigned 
the responsibility for its preparation. Ideally, this 
would be an experienced engineer with proved writ- 
ing and organizational ability. However, this type 
of individual is rare and, when found, is generally 
in a responsible position with salary requirements 
too high for a handbook job. Generally, technical 
writers should not be assigned the job of preparing 
a design handbook, and engineers without a liking 
for writing soon return to straight engineering. The 
assignment usually involves some compromise, since 
no man can be an authority on all the information 
necessary for handbook preparation. 

The handbook should be given to one individual 
as his prime responsibility. If it is assigned to some- 
one who already has a full-time job, it will never 
get into print. Such work is often considered low- 
priority and is therefore easily shoved aside for 
more immediate demands. 

After a man to pilot the handbook to completion 
is selected, the job must not be dropped there. People 
best qualified in the different subjects must be ex- 
pected to produce design information in their own 
fields. For this purpose they must be allotted a speci- 
fied time, or assigned a reasonable deadline or due 
date for the information they are to produce. Other- 
wise, the handbook will again be shoved aside for 
the press of day to day duties. A competent co- 
ordinator can accept drafts of proposed data in very 
rough form and rewrite them into final handbook 
form. However, he cannot be expected to supply 
missing information unless he is experienced in the 
particular field. 


Design Handbook Group: If the company is large 
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enough, there can be a design handbook group whose 
duty is to compile the data needed by all the design 
groups regardless of the product on which they are 
working. In this case, the design handbook usually 
notes where the design requirements change for dif- 
ferent products or different design groups. 

A large, diversified company will usually require 
a design handbook group, since the handbook gen- 
erally grows into two volumes or sometimes even 
more. If it does, it may be divided arbitrarily on 
the basis of the number of pages that conveniently fit 
into a binder, or it may be divided by subject, such 
as mechanical design or electrical-electronic design. 


Reviewing Handbook Data: Everyone will want 
to review the data before they go into the handbook. 
This can become a long and tedious process if it is 
not controlled. The number of people who review 
the data should be kept as small as possible without 
omitting anyone who could make a substantial con- 
tribution to the subject. However, it will be neces- 
sary for someone in authority to read all the data 
and sign his approval. This will give the handbook 
the status of company policy. Here again, it is easy 
to shove the handbook aside for more important 
work, so the reviewing authority should not be one 
who is already loaded down with other work. 


Production Methods and Problems 


When sufficient data have been compiled to make 
a presentable showing, the material should be issued 
to the design section. The binders selected should 
be a distinctive color and large enough to allow 
for expansion of data beyond the original outline. 
Dividers must be ordered. General headings from 
the original outline should be printed on the tabs 
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Do 


1. Make your manual company policy so that the designer 
must have good and sufficient reasem before deviating 
from it. 


t. Sehedule design handbook work se that time spent on 
it is not taken from other 

%. Sehedule the shortest practies? route from design data 
preparation te final approval. 

. Make the volame @ ready reference in which any data 
ean be quickly found. 

5. Keep all @tatements simple, straightforward, and 
understandable. 


- 


6. Use chars and illustrations wherever possible. 


~ 


. Be sure that all data prepared for the handbook has 
a specific use. 


which should also be numbered. Blocks of numbers 
should be assigned for the data expected to go behind 
each tab. As the data are prepared in final form, 
the main paragraphs should be numbered. When 
sufficient data have been compiled, an index of these 
paragraph numbers can be prepared for ease in lo- 
cating information. 


Preparing the Text: Design data should be pre 
pared in brief, concise statements using as many 
tables, charts, and illustrations as possible. Data 
that can be prepared as a table or chart should 
never be presented as text. The text should not con- 
tain long and involved explanations because the de- 
signer will feel that he does not have time to read it. 

The simplest approach is the typewritten text. 
Callouts and figure numbers may be more satis- 
factory if they are varitype or a similar lettering. 
Fold-out pages should be avoided; they make a messy 
handbook. 

The final draft can be typed on 8!/ x 11 pages 
and reproduced in the same size or on oversize 
sheets and reduced photographically. Typewritten 
text will be satisfactory if reduced as much as 1/3 
from the original. The reduction tends to sharpen 
the type, but more than 1/3 reduction makes diffi- 
cult reading because the letters are so small. 


Art Work and Printing: The printing method most 
used for design handbooks is offset lithography. 
From the original typewritten page, an 8'/% x 11 
negative is made by direct photograph or by photo 
reduction of oversize pages. The offset printing plate 
is made from this negative, 

Illustrations can vary from very rough sketches 
to the published work of an experienced illustrator. 
Generally, simpler types are used to start and the 
quality of illustration gradually upgraded. 

Pencilled illustrations will reproduce adequately, 
but sharper and clearer illustrations result from inked 
originals, although the inking process is more time 
consuming. 

Photographs can also be used with the printing 
process outlined in this article. However, photographs 
frequently fail to give sufficient contrast to adequate- 
ly emphasize the important points of the illustra- 
tion. 

After printing, the white master, the negative, and 
the printing plate are generally stored for use in 
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Don't 
1. Include such highly technical subjects in your original 
outline that no one cat be found to weite them. 


~ 


. Assign design handbook work to those who already 
have a full time assignment, 


3. Include educational material found in textbooks or 
taught in school. ' 


4. Allow wordy or lemgthy explanations. 


. Permit unnecessary reviews or apprevals to delay 
design data. 


ua 


6. Allow ‘‘space filling’’ material in the handbook. 


reprinting or revising the page. Reprints are run 
directly from the printing plate. Deletions can be 
made by touching up the negative and making a 
new printing plate. Small additions or changes are 
made on the white master, generally by paste-over, 
after which new negatives and printing plates must 
be made. 


Distributing the Handbook 


Design handbooks should be made available to 
all design personnel since this is their main purpose. 
However, there will be many requests for hand- 
books from people outside the design section. These 
should be carefully screened to determine the need. 
All handbooks used outside the design section should 
be assigned to a supervisor even though they will 
be used by someone else. This avoids loss due to 
personnel changes. 

The handbooks should have consecutive numbers 
printed on the binder at the time of manufacture. 
Card files listing distributed handbooks by number 
and by name of person to whom issued are then 
established. These are used as a record of distribu- 
tion and as a guide for issuing revisions and addi- 
tions. 

In adding new pages or revisions to a handbook, 
a small company may find it possible to distribute 
them directly to the handbook holders who will 
then insert them where necessary. Generally, how- 
ever, this method is unsatisfactory. A more frequent- 
ly used method places the additions and revisions 
in the handbooks by use of clerical help from an 
already existing clerical or filing group. 


A Word About Cost 


The first estimate may make the cost of establish- 
ing a design handbook seem exorbitant, Furthermore, 
it will be a continuing cost because the design cri- 
teria will constantly change as new methods and 
materials are developed. However, compared to the 
cost of past design errors which could have been 
avoided by better distribution of information, the 
handbook cost may become insignificant. 

Do not undertake the creation of a handbook 
lightly. A constant and continuing effort is required. 
But with a well-organized and maintained handbook, 
design policy will be established clearly, and the ef- 
ficiency of design procedures increased many times. 
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scanning the field for ideas 


Split-field comparator 
permits precise centering of a 
point of light in a theodolite 
telescope. A dividing prism 
splits the image field. Each 
half of the field is alternately 
projected onto a photoelectric 





cell by a lens and rotating- 






shutter arrangement. An indi- 
Rotating shutter — cating instrument provides 
read-out of difference of signal 
Eyepiece ee intensities. Thus, when instru- 
ment has zero reading, the 
telescope is exactly centered on 
light source. Centering control 
principle employed in theodo- 
lite developed by Askania- 
Werke AG, Berlin, Germany 





Photoelectric cel 
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mechanical actuator. This ac- 
tion produces smooth and step- 
less resistance changes in re- 
sponse to mechanical motion 
of the actuator. Dithering 
principle employed in trans- 
ducer developed by Electric 
Regulator Corp., Norwalk, 
Conn. * 
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Liquid-contacting probe adjusts diaphragm stroke in a pneumatically-op- 
erated pump. Timed pressure and vacuum cycles in the upper chamber actuate a 
diaphragm to pump the process liquid. But signal received when conducting fluid 
in the upper chamber touches the probe, overrides the timer, and cuts off the 
exhaust cycle. Pump output is thus controlled by changing the probe depth. 
Principle employed in pump developed by Milton Roy Co., Philadelphia. 





Liquid level air and 
fluid chamber 
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SCANNING THE FIELD FOR IDEAS 


Rerouted flux permits a spring to open a safety switch when the 
protected circuit is shorted. During normal operation,: the armature 


is magnetically held in place. A short circuit unbalances the transformer, 
causing a current to flow, which produces a magnetic field in opposi- 
tion to main field. Cancelled lines of flux free armature so that the 
preloaded spring can move it, along with the cutoff switch. Principle 
employed in switch developed by Siemens-Schukertwerke AG, Erlangen, 


Germany 
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Electromagnetic 


How 


load e torque e heating e cycling e controllability 


affect their selection 


ROBERT L. KOTNIK 

Chief Engineer, Magnetic Products 
Fawick Airflex Div 

Fawick Corp. 

Cleveland, Ohio 


LECTRICALLY controlled clutches are attrac- 
EK tive in design applications because they pro- 

vide smooth, shockfree engagement and dis- 
engagement, operate either dry or in oil, and occupy 
minimum space. Clutch mounting can usually be 
accomplished so that little inertia is added to the 
load to be accelerated. Stationary coil types which 
use no slip rings and brushes require minimum 
maintenance. 

Clutches that are electrically operated are com- 
mercially available in five design types. See Types 
of Electromagnetic Clutches. This article deals with 
disc types only. 

Clutch characteristics and selection procedure are 
outlined here. Often a clutch is selected on the basis 
of torque alone, whereas this should be only a start- 
ing point. If a clutch is to be used as a simple cou- 
pling on a noncyclic application, heating, response 
time, and controllability can probably be ignored. 
Obviously, the degree of importance of each factor 
varies from one application to another. A brief sum- 
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mary of the factors to consider for different clutch 
loads is given in Table 1. 


Torque and Load 


The first step in selecting a clutch is to deter- 
mine what torque the clutch must transmit for 
satisfactory operation. To determine what clutch, in 
turn, is best suited for the load requires considera- 
tion of the complete torque characteristic of the 
clutch—pull-out, dynamic, and residual torques. 

Maximum torque which the clutch is able to 
transmit before relative motion (slip) occurs be- 
tween driving and driven parts is called running 
or pull-out torque. If the clutch were driving a load 
whose torque demand was continually increasing 
(such as a cutting load on a spindle drive), torque 
transmitted just prior to slow-down or stalling of the 
load is termed the running or pull-out torque. Once 
the clutch starts to slip, torque transmitted by the 
clutch is referred to as dynamic, starting, or slip 
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torque. Dynamic torque is, of course, equal to or 
less than pull-out torque. Dynamic torque is used 
to accelerate a load (or decelerate a load if used as 
a brake.) 

Residual or drag torque is the torque transmitted 
when the clutch is de-energized. In most applica- 
tions it is desirable to minimize this torque. Conse- 
quently, some means of reducing residual torque 
are provided in most clutch designs. The resulting 


magnitude of the residual torque depends on the 
effectiveness of the method used. For example, clip- 
type leaf springs are used in one design to separate 
the driving discs and provide running clearance for 
the friction (driven) discs. 

In any application, a clutch should not be se- 
lected to meet just the exact torque requirements of 
the load but should provide some extra margin of 
torque. The extra margin or service factor required 


Types of Electromagnetic Clutches 


All electromagnetic clutches of commercial importance are composed primarily of three 
basic elements: 1. A rotor or driving member which is connected to the prime mover. 2. An 
armature or driven member which is connected to the load. 3. A magnetic-field producing 
member. Clutch types are determined by variations in both the configuration of these three 
elements and the principle by which torque is transmitted from the driving to the driven 


member. 


Single Disc 


The typical single-disc friction clutch is composed of 
a metallic armature and a rotor containing a friction 
surface of an organic material. When the field coil is 
energized with dc, the armature is attracted to the 
rotor. Torque is then transmitted by the frictional 
coupling between armature and rotor. Normally, this 
type of unit is built with a relatively large outside 
diameter and short axial length. It is usually designed 
for dry operation as opposed to operation with the 


friction surfaces running in oil. 


Multiple Disc 


To obtain an increased number of friction surfaces 
for torque transmittal, a disc pack is used in multiple- 
dise friction clutches. Alternate discs are connected to 
driving and driven members. When dc is applied to 
the field coil, the discs are drawn together either by 
magnetically applied mechanical force or by mag- 
netic attraction. Torque is transmitted by frictional 
coupling between driving and driven discs. If all the 
discs are made of steel, the magnetic flux is usually 
directed through the discs themselves so that mag- 
netic attraction holds them together. This type of unit 
is meant to run only in oil. If one of the sets of discs 
is provided with sintered-metal friction facings, the 
discs are drawn together by magnetically applied 
mechanical force. This type of unit can be run either 
with or without oil. The multiple-disc design results 
in minimum outside diameter but somewhat longer 
length. 


Eddy Current 


In the induction type of clutch, torque is trans- 


; mitted by the interaction of two magnetic fields—one 
‘ in the rotor or driven member and one in the armature 
i or driving member. One of the fields is produced 


either by passing current through a field coil or by 
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using permanent magnets. With relative motion be- 
tween the two members, currents are induced in the 
second member to produce its magnetic field. Torque 
can be transmitted only when there is relative motion 
between driving and driven members. The amount 
of torque transmitted is a function of the slip or 
speed differential. For a given torque capacity, physical 
size of the eddy-current clutch exceeds that of the 
other types of clutches. 


Magnetic Particle 


In addition to rotor, armature, and field coil, the 
magnetic-particle clutch contains ferromagnetic par- 
ticles which fill the space between driving and driven 
members. Depending on the design, the particles may 
or may not be suspended in a liquid. When the field 
coil is not energized, the ferromagnetic particles are 
randomly oriented and no torque is transmitted. When 
de is applied to the coil, a magnetic field is set up 
within the clutch and through the particles. The par- 
ticles are oriented by this field, and torque is trans- 
mitted from the driving to the driven member. The 
amount of torque that can be transmitted is a function 
of the magnitude of the direct current. For a given 
torque capacity, this design is bulkier than friction- 
type clutches. 


Positive Engagement 


Although similar in character to the friction type, 
the positive-engagement clutch transmits torque from 
the driving to the driven member by actual engage- 
ment or meshing of two plates which have matching 
face-type teeth. When dc is applied to the field coil, 
the magnetic field brings and holds the two toothed 
members together. Without question, this type of 
clutch transmits the most torque for a given physical 
size. However, it can be engaged only at low speed 
differentials. 
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depends on the type of load, the type of service, 
and the characteristics of the prime mover. Service 
factors suggested for various types of loads are given 
in Table 2. 

A small machine (under 2 hp) that has a smooth, 
nonpulsating load of low inertia and is driven by 
an electric motor may require a service factor slightly 
greater than |. Larger machines with the same type 
of load will require a service factor of about 2. 
When shock loads are encountered on these larger 
machines, or loads of a pulsating nature, or when 
cyclic rate or load inertia become high, the required 
service factor might be almost 3. If the prime mover 
is an internal-combustion engine, the service factors 


just recommended must be increased. An applica- 
tion using a diesel-engine prime mover with a 
severely pulsating load can require a service factor 
as high as 6. Obviously, each application must be 
studied carefully to permit selection of a clutch which 
is neither undersize nor oversize. 

Another important load consideration is speed. 
Maximum recommended speed of a clutch should 
not be exceeded. In the slip-ring clutch, speed is 
usually limited by peripheral speed of the slip rings, 
because excessive speeds result in shortened brush 
life. In the stationary-field clutch, speed is limited 
by the clutch bearings or by centrifugal force. At 
slow speeds some clutch types will not function 





Table 1—Guide to Clutch Selection and Application 








If Load or Application 
Characteristics Are These . . 





on Clutch Characteristics 


Investigate These Questions 





Rapid cycling 


High inertia load 


Control of torque 


High speed 


Low speed 


Operation of clutch at 
various speeds 


Sensitivity to shock; load must 
be accelerated smoothly 


Utmost reliability 
Adverse atmosphere 


Small physical size for clutch 


Sensitivity to clutch inconsist- 
encies, as for timing or index- 
ing functions 


Sensitivity to stray magnetism 





Does clutch have sufficient torque to accelerate and decelerate load 
in required time (Equation 2)? 

Does clutch have sufficient heat-dissipating ability for the required 
cycles per minute (Equation 1)? 

Is a special control required to speed response (Fig. 5)? 

Does clutch have sufficient torque to accelerate and decelerate load 
in required time (Equation 2)? 

Does clutch have sufficient heat-dissipating ability for the required 
cycles per minute (Equation 1)? 

Does clutch have sufficient thermal storage capacity to accommo- 
date one acceleration or deceleration? 

Is clutch torque versus current linear? 

Is torque controllable at low voltages and low speeds? 

Is torque consistent? 

What speed limitations are imposed on the clutch by clutch bear- 
ings, or brushes and slip-rings? 

Is clutch torque at high speeds sufficient? 

Will clutch operate at low speed? 

Will it take excessively long for torque to build-up? 

If clutch torque varies with speed, will the clutch have the proper 
torque over the entire speed range? 


Is clutch torque build-up smooth and not abrupt? 


Can clutch be operated in oil? 

Can clutch selection be liberal? 

Can protective cover be provided for clutch? 

Can clutch be operated in oil and the oil kept clean? 

Can clutch with required attachments, such as output member, 
brushes, and slip rings, meet the size limitation? 

Does clutch torque repeat as well as remain consistent with con- 
tinued operation? 

Can clutch be operated in oil for maximum stability? 


Does clutch construction lend itself to simple means of reducing 
stray magnetism? 
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properly or will take an excessively long time to 
engage. 

In the single-disc clutch the torque which the 
clutch can transmit is a function of speed; hence, 
speed and torque must be considered together. In 
most multiple-disc clutches the torque which can 
be transmitted is independent of speed. Differences 
in the torque-slip speed relationships for these two 
clutch types are shown in Fig. 1. Slip is the differ- 
ence in speed between driving and driven clutch 
members and is of particular importance when an 
inertia load must be brought up to speed or stopped 
quickly. 

When the load must be accelerated as smoothly 
as possible, a clutch with a torque-time character 
istic which is not abrupt during any portion of the 
torque build-up time is required. Generally speak- 
ing, the most successful in this respect is the mul- 
tiple-disc clutch which uses sintered-metal friction 
discs and depends entirely on magnetic force to 
compress the disc pack. A typical torque-time re- 
lationship is shown in Fig. 2. 

Total inertia of the load is another factor which 
must be carefully considered. Three basic questions 
involving load inertia and clutch capacity must be 
investigated : 

|. Can the clutch accelerate the load to the required speed 
in the required length of time? 

Can the clutch dissipate the energy losses generated dur 
ing acceleration at its maximum cyclic rate? 

If load inertia is rather high but the cycle rate low, can 
the clutch survive the temperature reached after accele 


rating the load even once? 


Means for answering these questions are discussed 
later, but the questions are raised here to emphasize 
the importance of load inertia. Although its effects 
may be negligible in many cases, load inertia should 
always be investigated. 


The electromagnetic friction clutch, like any fric- 
tion device, is inherently a slip device. If machine 
or load requirements are such that this character- 
istic is not compatible with satisfactory machine 
operation, a tooth-type clutch should be seriously 
considered. This is often a difficult decision because, 
once fully engaged, the friction clutch will provide 
a one-to-one drive as long as the torque requirements 
of the load do not exceed the pull-out torque 
of the clutch. 

Certain types of loads are more sensitive to clutch 
torque and response-time inconsistencies than others. 
Before a clutch is finally selected for such a load, 
consistency of clutch operation should be studied. 
In all friction clutches, torque is affected by tempera- 
ture of the coil and the surface of the friction discs. 
However, if duty is consistent, temperatures will 
stabilize after a warm-up period and clutch opera- 
tion should also stabilize. If the clutch is operated 
in oil, the excellent (compared to air) heat con- 
ductivity of oil maintains a more uniform clutch 
temperature and permits faster stabilization than if 
the clutch is operated in air. Hence, where con- 
sistency of operation is important, the clutch should 


be operated in oil. 


Clutch Heating 


Next to torque and load, clutch heating is the 
most important factor. However, in many applica- 
tions, particularly those involving high cyclic rates 
and/or high load inertias, clutch size is governed 
more by heating limitations than by torque limita- 
tions. 

Heat is generated in the clutch by electrical losses 
in the coil and by mechanical losses in the disc pack 
as a result of slippage during acceleration or deceler- 


ation. If the clutch remains energized for long 





“Type of Load 


blowers, small planers, tapping machines. 


mills, agitators. 


Table 2—Suggested Service Factors for Electromagnetic Friction Clutches 


Small machine tools (under 2 hp), small woodworking tools (under 2 hp), business ma- 
chines. Loads are smooth, non-pulsating, and have low inertia and low cycle rate. 


Large machine tools, large woodworking machines, textile machines, small presses, fans. 
Loads are smooth, non-pulsating, and have low inertia and low cycle rate. 


Medium presses, centrifugal compressors and pumps, looms, printing presses, conveyors, 
Also, machine tools and woodworking machines 
whose loads are pulsating or are of high inertia and/or high cycle rate. 


Large planers, broaches, shears, reciprocating pumps and compressors, plunger pumps, mixers, 





Service Factor* 





1.3 to 1.7 


it 0 Ze 


2.2 to 2.8 


2.8 to 3.4 





motor. 


final clutch selection. 





*These service factors are offered as a starting point in clutch selection when the prime mover is an electric 
Character of the load, type of service, and ope -ating conditions should be carefully examined before 
For a four-cycle gasoline engine, multiply the service factors by 1.4; for a two-cycle 
gasoline engine or a diesel engine, multiply the service factors by 1.7. 
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periods of time, then heat generated by coil losses 
need only be considered. In such cases, the clutch 
should be so designed that it can be energized con- 
tinuously without overheating. 

If clutch operation is cyclic in nature, then me- 
chanical heat losses produced by acceleration or 
deceleration of the load inertia must be considered. 
These losses can be calculated from 


. \° (1) 
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Fig. 1—Torque transmitting ability versus 


slip for typical single and multiple-disc 
electromagnetic friction clutches. 
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Fig. 2—Torque-time response of typical multiple- 
disc friction clutch using sintered-metal friction 
discs. Total build-up time ¢, is composed of lag 
time ¢,, during which no torque is transmitted, 
and time ¢,, during which the transmitted torque 
builds up smoothly toward steady-state dynamic 
torque T,. Torque decay time is ¢, and ¢, is 
some time interval less than ¢, (see Equation 3). 
When steel driving and driven discs are used, f¢, 
is usually a greater percentage of ¢,, and slope of 
the torque curve is steeper tending to produce a 
more abrupt acceleration. 
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where E = heating energy losses during one accel- 
eration or deceleration, lb-ft per cycle; WR? = total 
load inertia, lb-ft?; N = speed to which the load 
must be accelerated or decelerated, rpm. 

If the clutch must accelerate the load from a 
speed in one direction to the same or a different 
speed in another direction (as with a reversing 
planer or grinder table), losses can be calculated 
from Equation | if N is taken as the total speed 
differential. 

Rate of heat generation is found by multiplying 
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Friction 
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Fig. 3—Mounting arrangement for minimizing the 
amount of clutch inertia which must be added to 
load inertia. Constantly rotating input sprocket 
is attached to the clutch body, the higher inertia 
member. When the clutch is energized, low- 
inertia friction discs and driven gear are the onlv 
clutch parts which need to be accelerated 
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Fig. 4—Mounting arrangement for stationary-field 
clutch as part of a gear train. Clutch y is 
keyed to the constantly rotating input shaft. Only 
the low-inertia clutch-driven gear and friction discs 
need to be added to the load inertia. 
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Examples of Clutch-Heating Calculations 


Application: A clutch is to be used 
inside the transmission of a machine. 
Driving portion of the clutch is attached 
to a shaft which rotates constantly at 
1800 rpm counterclockwise. The driven 
end is connected to a spur gear which 
is part of a gear train that drives the 
load. Load inertia reflected back to the 
clutch is 4.8 lb-ft?; inertia of the driven 
end of the clutch is 0.2 Ib-ft?. Thus, 
total inertia the clutch must accelerate 
is 5 Ib-ft?. 


Example 1: The drive is so arranged 
that, when the clutch is not energized, 
the driving end of the clutch rotates at 
1800 rpm and the driven end of the 
clutch and the load do not rotate. 
When the clutch is energized, it must 
accelerate the load. After 5 sec, the 
clutch is de-erergized and a separate 
brake stops the load. This is repeated 
at the rate of 5 times per min. 

From Equation 1, the heating energy 
losses per cycle are 

1800 )’ 
100 


= 2740 ft-lb per cycle 


B = 1.7(5) ( - 


Rate of heat energy generation, E/m, 
is 
E 


™m 


= 2740(5) 
= 13,700 ft-lb per min 


The heat losses are compared with the 
data on heat-dissipating ability supplied 
by the clutch manufacturer, and the 
proper size clutch is determined. The 
brake would have the same E and E/m 
as the clutch. 

Heat-dissipating ability is generally 
given either as a rate of continuous 
heat dissipation (such as ft-lb per min) 
for each size unit or as a curve of 
allowabie ft-lb of energy per cycle for 
various cycle rates for each size unit. 
Typical curves are shown in the ac- 
companying figure. For convenience, the 
following conversion factors ave given: 


Btu X 778.3 = ft-lb 
hp-sec X 550 = ft-lb 


Example 2: The drive is so arranged 
that, when the clutch is de-energized, 
the driven end of the clutch rotates at 
1800 rpm clockwise, and the load ro- 
tates at a corresponding speed. and in 
a corresponding direction. When the 
clutch is energized, it must reverse the 
rotation of the driven end and the 
load and drive the driven end of the 


clutch at 1800 rpm counterclockwise and 
drive the load at a speed and in a 





direction corresponding to this. In 
Equation 1, N = 2 X 1800 = 3600 
rpm, and 
2 
E = 1.7(5) ( —— ) 
100 
= 10,960 ft-lb per cycle 
E 
= 10,960(5) 
m 


= 54,800 ft-lb per min 


The clutch that is selected must have 
adequate heat-dissipating ability to han- 
dle the calculated heat losses. Note that 
heat losses during a reversal are four 


times those encountered during one ac- | 


celeration. 


Example 3: The drive is so arranged 
that, when the clutch is de-energized, 
the driven end of the clutch rotates at 
900 rpm counterclockwise and the load 
rotates at a speed and in a direction 
corresponding to this. When the clutch 
is energized, it must accelerate the load 
from 900 rpm counterclockwise to 1800 
rpm counterclockwise. For this condi- 
tion, N = 900, and 

)’ 
100 


= 685 ft-lb per cycle 


900 
E = 1.7(5) ( 


E 
—— = 685(5) 


™ 


= 3425 ft-lb per min 


Note that in Example 2, clutch size se- 
lection would almost surely be de- 
termined by heating considerations 
whereas in this example, heating would 
play a relatively minor role. 


Example 4: Consider the same drive 
arrangement as in Example | except the 
load inertia reflected back to the clutch 
is 200 lb-ft? and the cycle rate is only 
once per hour. Then, 


E 


1 


1800 ) 2 
100 
= 109,600 ft-lb per cycle 


Although total heat generated in this 
case in one hour is much less than in 
any of the previous examples, heat en- 
ergy in one cycle is much greater. Thus, 
before a clutch is finally selected, both 
continuous heat-dissipating ability and 
“one -cycle” thermal - storage capacity 
should be checked. 


1.7(200) ( 


Example 5: To illustrate the im- 
portance of the inertia of the driven 
portion of the clutch, assume that the 
same drive arrangement of Example | 
is used except the cycle rate will be 
50 cycles per min and load inertia will 
be 0.3 Ib-ft?. Inertia of the driven end 
of the clutch is to remain 0.2 Ib-ft?. 
Total inertia to be accelerated is then 





0.5 lb-ft?. Thus, 
1800 \? 
E = 1.7(0.5) ( ) 
100 
= 274 ft-lb per cycle 
E 
——- = 274(50) 
m 


13,700 ft-lb per min 


I 


The rate of heat generation, E/m, is 
the same as in Example |. However, in 
Example 1, only 4 per cent of the heat 
energy resulted from clutch inertia while 
in this example it is 40 per cent. Ob- 
viously, an application involving low 
load inertias and high cycle rates should 
have the clutch so mounted that only 
the low-inertia end is accelerated—the 
high-inertia end should be constantly 
rotating. Also, inertia of the clutch se- 
lected should be as low as practical. 











[112 in.0D dutch 


























@ 
o 
~ 
O 
© 
a 104 
~~ 
oOo 
g / 
& 
WwW 
S : 
# 10° = a 
S a . 
a 23 in.OD clutch 
b 
w 

10° . 

10 

10 102 10° 10* 


Cycles per Hour 


Typical presentation of heat-dissipation 
information for electromagnetic 
clutches. - Maximum allowable heat 
energy per cycle is plotted against rate 
for two sizes of clutches. Clutch rating 
for lower curve is 40 lb-in. of starting 
torque dry; for upper curve, 26,000 Ib- 
in. of starting torque dry. 
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a—When the switch is closed, dropping re- b—An initial high-voltage surge is pro- e—In this circuit the filament resistance 


sistor R, is shorted out and overvoltage is 
applied to the clutch. After a fraction of 


vided by the condenser when the switch 
is closed. As current flows through resistor 


versus temperature characteristic of an or- 
dinary incandescent lamp is used. When 


a second, TD contacts open and current R,, the voltage drop cross R, increases as the switch is closed, lamp resistance is 


flows through R,. The voltage drop across 


plied to the clutch. The time-delay relay 
and contacts could be replaced by a 
switch which was timed to open slightly 
after the actuating switch closed. 


Fig. 5—Three common circuits for applying momentary 


overvoltage to a clutch to speed its response. 


the losses per cycle by the number of cycles per 
minute. This rate should not exceed the clutch dis- 
sipating ability. Application of heating rate and 
Equation | are illustrated in Examples of Clutch- 
Heating Calculations. 

In heat calculations, total inertia of the system 
to be accelerated should be used and must include 
those portions of the clutch which must also be 
accelerated. Hence, inertia of the clutch itself is 
important since, in a borderline case, it can add 
enough inertia to the system to require use of a 
larger clutch. Obviously then, the clutch should 
be mounted in such a way as to minimize the clutch 
inertia that must be added to load inertia. Mounting 
arrangements which accomplish this are shown in 
Fig. 3 and 4. 

If results of the heating calculation indicate that 
a clutch which has been selected on the basis of 
torque capacity will be overheated, the following 
alternatives are available: 


1. If the clutch is used in oil, cool the oil sufficiently 
(using a heat exchanger if necessary) to keep the clutch 
within safe thermal limits. 

2. If the clutch is operated in air, provide sufficient forced 
ventilation to keep the clutch within safe thermal limits. 

3. Select a larger size clutch. 

4. Reduce cycle rate, inertia of the system, or speed suf- 
ficiently to bring the application within safe thermal 
limits. 


Where cyclic rate is low but load inertia is large, 
heat generated during one acceleration or decelera- 
tion may exceed the storage and dissipation abilities 
of the clutch. In such applications, recommended 
maximum energy for one clutch start should be 
observed. 

Although maximum allowable coil and friction- 
disc temperatures vary for different types of clutches, 
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its temperature rises, and 
R, then results in rated voltage being ap- the clutch coil decreases 
When steady-state conditions are reached, 
rated voltage is applied to the clutch. 


voltage across low and high voltage is applied to the 
proportionately. 


clutch. In a fract‘on of a second, filament 
temperature rises, and the voltage drop 
across the lamp increases so that rated 
voltage is applied to the clutch coil. If a 
carbon-filament lamp is used, exactly the 
opposite effect is obtained because resist- 
ance of the carbon filament decreases with 
an increase in temperature. 


normal limiting temperature for the coil is 105 to 120 
C and for the friction discs, 150 to 200 C. 


Cycle Time 


If a clutch is required to complete a cycle in the 
shortest possible time, or to complete many cycles 
in a short period, the length of time it will take 
the clutch to accelerate the load and complete the 
cycle must be determined. Factors which influence 
total cycle time are: Clutch torque build-up time; 
clutch torque decay time; total inertia of the system; 
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Fig. 6—Torque-current relationship for a 


typical multiple-disc electromagnetic clutch 
using sintered-metal friction discs. 
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friction load, if any, during the accelerating and 
decelerating period. 

Time required to accelerate or decelerate an iner- 
tial system to a given speed can be calculated from 


No(WR?*) 
t (2) 
308 T 
where t = time to accelerate or decelerate the load, 
sec; Ny change in speed which must be produced 
in the load inertia, rpm; T clutch torque avail 


able, lb-ft. 

If there is an appreciable load torque during the 
accelerating or decelerating period, this torque must 
be subtracted from clutch torque T during accelera- 
tion or added during deceleration. 

For a clutch having an exponential torque-time 
characteristic, Fig. 2, the average torque available 
for acceleration or deceleration during torque build- 
up period t, is 0.617. 

If the relationship of load inertia and clutch torque 
is such that the load reaches its final speed before 
the clutch torque build-up period has expired, then 
the average torque available for acceleration or de- 
celeration during any portion (t,) of the torque 
build-up time can be found from 


2.3 2.3t, 
Z6 ( re % l (3) 


where T, = average torque transmitted during period 
t,, lb-ft; e natural logarithm base; Ty, and t, are 
as shown in Fig. 2. 

With response characteristics of the clutch known, 
Equations 2 and 3 can be used for accurate deter- 
mination of the time required to complete a cycle. 
This analysis applies to clutches in which the 
torque transmitted is independent of speed. If 
clutch torque is a function of slip speed, analysis 
becomes more complicated since clutch torque then 
varies with both time and slip speed. 

Response time of most clutches can be increased 
by using a control circuit which applies overvoltage 
to the clutch during the torque build-up period. 
Typical control circuits which accomplish this are 
shown in Fig. 5. For any case where a clutch is 
selected for a rapid cycling application, the char- 
acteristics of the clutch must be well understood, 
and the consistency of clutch torque and response 
must be considered. 


Ambient Conditions 


One of the early considerations in applying elec- 
tromagnetic clutches is whether the clutch is to be 
operated in oil, as a clutch mounted inside a gear- 
box. The type and quantity of oil used should con- 
form to manufacturer’s recommendations. Actually, 
the relationship of oil to friction material is rather 
complex. 

Automatic transmission oils or plain mineral oils 
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a—Simplest circuit supplies ac directly to the rectifier. 
Clutch coil is wound to match the dc output voltage of 
the rectifier. For example, with 115-v ac supplied to a 
standard full-wave rectifier, output is 90-v ac. The ca- 
pacitor protects the switch by absorbing the energy in 
the magnetic field which otherwise would arc across the 
switch contacts when the switch is opened. 
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b—Adjustable transformer varies the voltage to the rec- 
tifier and, hence, varies de output. This circuit would 
provide clutch torque control. The transformer can be 
manually adjusted or be mechanically linked to some 
part of the machine for automatic control. 
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e—When ac supply voltage is other than 115-v ac (such as 
220, 440, or 550 v) and a standard 90-v dc clutch is to 
be used, a transformer is placed ahead of the rectifier 
to provide a 115-v ac supply. A step-down transformer 
can also further reduce ac supply voltage. For example, 
a 24-v de clutch is often used with slip rings in oil. 
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d—Thyratron tube is used to rectify the ac supply volt- 
age. This arrangement is often selected so the tube grid 
can be used as part of a closed-loop control. 
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e—An electrically operated brake is also controlled with 
this combination circuit. When the switch is open, the 
relay is de-energized and the normally closed relay con- 
tacts apply power to the brake. When the switch is 
closed, the relay is energized, the brake is released, and 
power is applied to the clutch coil. 


Fig. 7—Basic circuits for obtaining 
dc power for the clutch coil. 








are normally recommended. Addition of rust inhibi- 
tors, oxidation inhibitors, and antifoam agents is 
permissible. However, oils with sulfur, chlorine, lead, 
or sulfurized fatty materials should be avoided be- 
cause they sometimes react with the sintered fric- 
tion material. Viscosity of the oil should be about 
SAE 10 or SAE 20—too thick an oil causes the 
clutch to act sluggishly and fails to get in between 
the discs as it should. In any event, the oil should 
be kept as cool and clean as practical. 

The method of applying oil to the clutch can 
vary from a simple dip into the oil to an oil spray 
on the clutch or an oil-mist atmosphere. If the 
clutch is designed to be used either dry or in oil, 
the effectiveness of the method of getting oil on 
the clutch in an oil atmosphere is not extremely 
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of clutch an 
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Fig. 8—Typical mounting arrangement for slip- 
ring clutch where electrical power is supplied to 
rotating field through brushes and slip rings. 
Clutch driving member is keyed to input shaft; 
driven member is attached to a spur gear which 
is part of the machine gear train. 


critical. However, if the unit is designed only for 
an oil atmosphere (as with driving and driven discs 
of steel), particular care must be exercised to in- 
sure an adequate amount of oil to every clutch in 
the gearbox. If an oil dip is used, too much oil 
will cause churning and will result in excessive oil 
heating, particularly at high speeds. 

If the unit is designed only for operation in a 
dry atmosphere, oil must be prevented from getting 
on the friction surfaces, or ultimate failure of the 
clutch will result. Again, if the unit is designed for 
both wet and dry operation, some amount of oil 
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will not be detrimental. In general, operation in oil 
is preferred since wear is greatly reduced and the 
added cooling effect of the oil allows heavier load- 
ing of the unit. 

Ambient temperature must also be considered 
since excessively high or low temperatures can cause 
clutch failure. As a general precaution, if ambient 
temperature is expected to exceed about 40C or 
be less than 0C, the manufacturer of the clutch 
should be consulted before attempting to use the 
clutch under such conditions. 

Excessive dust, lint, moisture, dirt, or chips can 
substantially reduce clutch life. When these con- 
taminants are present, some form of protective en- 
closure should be provided. However, the design 
of such an enclosure should permit heat generated 
by the clutch to escape. If a slip-ring clutch is be- 
ing considered, the brushes and slip-rings must be 
protected from abrasive dust to prevent accelerated 
wear of both the brushes and the rings. 


Controllability 


One of the demands frequently imposed upon 
modern electromagnetic clutches is that of control- 
lability, which usually means torque control. Torque 
control is required where torque must be applied 
slowly to accelerate or decelerate a load smoothly 
and without shock. It can also be an advantage 
where torque transmitted must be accurately lim- 
ited to maintain a certain tension in a roll of ma- 
terial or to achieve a predetermined tightness when 
two threaded parts are automatically being screwed 
together. 

Torque output control is usually achieved by 
controlling clutch current. Normally, the best torque- 
current characteristic for a clutch has a linear torque 
output with respect to current up to and some- 
what beyond full current. For example, Fig. 6 shows 
the torque-current characteristic for a typical clutch 
which uses sintered-metal friction discs and which 
depends entirely on magnetic force to compress 
the disc pack. When steel driving and driven discs 
are used and magnetic flux passes through the disc 
pack, the torque-current characteristic is S-shaped 
with only a slight torque build-up between 0 and 
about 50 per cent current. Then, a sharp torque 
increase occurs between 50 and 80 per cent cur- 
rent, followed by a gradual flattening of the curve. 
The torque-current curve for a single-disc clutch is 
similar to Fig. 6. 

For a controlled-torgue application, other clutch 
characteristics should be examined in addition to 
the torque-current relationship. Controllability at 
low values of current and at low speeds should 
be checked. The effect of the nonlinear speed-torque 
relationship in the single-disc clutch should also 
be considered. Effects of usage and wear-in on per- 
tinent clutch characteristics should be recognized 
since any changes these factors produce in clutch 


121 








ELECTROMAGNETIC DISC CLUTCHES 


characteristics will necessitate periodic control ad- 
justments. 


Power Supply 


Most electric clutches operate on direct current. 
lf only ac is available, it must be rectified for use 
with the clutch. If torque control is required for 
the application, provision must also be made to con- 
trol the voltage applied to the clutch. 

Most clutch manufacturers provide power sup- 
plies for their units. However, the clutch power 
supply may be made an integral part of the entire 
machine control. Although 90-v dc, obtained by 
rectifying 110-v ac, is an informal industry stand- 
ard, most clutches can be wound for special volt- 
ages. Several elementary circuits for clutch power 


~ 


supply are shown in Fig. 7. 


Space Requirements 


Early in the process of selecting a clutch, space 
requirements should be investigated. Physical size 
of the clutch and space available for mounting it 
should be examined. Whether the clutch can be 
provided with a bore sufficiently large to fit the 
shaft should also be checked. If a slip-ring clutch 
is considered, space must be available and in the 
right location to accommodate brushes and brush 
holders. 


General Installation 


After a clutch has been selected on the basis of 
operational considerations and been given a_ pre- 
liminary dimensional check, any problems that 
might arise in mounting the clutch in the machine 
must be resolved. A clutch which provides mount- 
ing flexibility allows the designer to select an ar- 
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rangement best suited to the application. 

In most clutches, the normal input side of the 
clutch is keyed to the shaft. The normal output side 
in some cases is a gear-type spline or special bush- 
ing which takes its drive from the ID of the driven 
member, and in other cases is a drive cup which 
takes its drive from the OD of the driven member. 
The cost and convenience of obtaining and using 
a particular output member should be considered 
along with any special machining that might be 
required to mount the clutch assembly. 

If a slip-ring clutch is used, provision must be 
made for mounting the brushes and brush holders 
and for insuring that brushes are accessible for 
maintenance. If one slip ring is mounted on the 
clutch and the other on the shaft, Fig. 8, care must 
be exercised in the design to prevent damage to 
bearings and other machine members. Otherwise, 
the flow of current through the shaft could lead 
to arcing with resultant pitting and heating. 

If stray magnetism, which is produced in some 
degree by any clutch, will adversely affect machine 
operation, the clutch design should be investigated 
for means of limiting the stray flux. Also, if the 
clutch exerts any external thrust load, provision 
must be made to accommodate it. 


Maintenance 


If a clutch is operated at a reasonable tempera- 
ture, the coil can be expected to last almost in- 
definitely, particularly if the coil is completely en- 
capsulated in a tough, stable resin. Periodic replace- 
ment of friction discs will be required. Frequency 
of replacement will depend on how hard the clutch 
is worked, the type of friction material, and the 
ambient conditions. In general, if a conservatively 
rated unit is operated in oil, the need for friction- 
disc replacement will be infrequent. For slip-ring 
clutches, periodic brush replacement and slip-ring 
maintenance will be required. 





Selecting Drive Components 


A cutting-speed calculator, such as those furnished 
by machine-tool manufacturers, can double as a 
selector for gears, sheaves, or sprockets. The “Work 


Diameter” represents pitch diameter, and the “Sur- 
face Speed” is pitch-line velocity in fpm.—THEODORE 
J. Potrarr, LFM Mfg. Co. Inc., Atchison, Kans. 
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VIBRATION ISOLATION DESIGN 


A new way to find the forces in the 
components of a conventional system 


DENNIS P. HANLEY 
Research Engineer 
Hercules Powder Co. 
Cumberland, Md. 


HE classical single-degree-of-freedom system 

can be used in the design of a vibration isola- 

tion system when the mass to be freed of vi- 
brations is supported by a spring and a damper. 

Information is plentiful upon the theory and ap- 
plication of the classical method. Comparatively little 
information is available, however, about dealing 
with displacement-excited motions — particularly 
when the loads that are carried by the spring and 
the damper must be determined. 

This article explains the dynamics underlying 
such determinations and provides curves whereby 
the dynamic forces can be calculated readily. Ex- 
amples illustrate the numerical solution of problems. 


Vibratory Motion Analysis: The ideal in the de- 
sign of a vibration isolation mount would be a mass 
that stays still while the ground or frame vibrates. 
The next best condition is one in which the vibra- 
tory motions of the mass are only a fraction of those 
of the frame that excites them. This is the condition 
that prevails in the practical application of vibra- 
tion isolation. 

The components of the conventional system are 
the frame, the mass, the spring, and the damper, 
Fig. 1. Usual procedure in vibration analysis re- 
gards the frame as rigid. Excitation is applied to 
the mass. Here, the frame undergoes displacements, 
s, to provide the excitation. 

With viscous damping, the differential equation 
of motion of mass m is 


my" +c(y’ — 8s’) + k(y—s) =0 (1) 
Physically, the three terms of Equation | repre- 
sent the inertia force, the damping force, and the 


spring force, respectively. Rewriting Equation 1 as 
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a function of variable y, 
my” + cy’ + ky ks +cs’ (2) 
If simple harmonic excitation is assumed, 


8S = 8 sin wt (3) 


For this driving function, Equation 2 is satisfied 
g | 


Nomenclature 


A,B = Constants 
c = Damping constant, lb-sec per in. 
C, = Critical damping constant, lb-sec per in. 
Fp Damper force, lb 
F’, = Spring force, lb 
9 = Acceleration of gravity, ips? 
k = Spring modulus, lb per in. 


m Mass, |b-sec* per in. 
87; 0° Frame displacement, in.; velocity, ips; accelera- 
tion, ips* 
So = Maximum frame displacement, in. 
t = Time, sec 
y, y’, y’” = Mass displacement, in.; velocity, ips; acceleration, 
ips” 
Yo = Maximum mass displacement, in. 


w = Drive circular frequency, rad per sec 
®, = Natural circular frequency, rad per sec 





Fig. 1 — Damped 
single - degree - of- 
freedom system. 
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VIBRATION ISOLATION DESIGN 


by a particular solution in the form, 
y= Asinwt + Becoswt (4) 


where A and B are undetermined coefficients. 
If steady-state conditions exist, Equation 4 is the 
complete solution and 


(Cw)* + k(k mw*) 
4 8, (5) 
(Cw)* + (k m w*)* 
mCw° 
B 8 (6) 
(Cw)? + (k mw*)2 


Maximum Spring and Damper Loads: To deter- 
mine the maximum spring force, the maximum rela- 
tive displacement between the mass and the moving 
frame is found. 

From Equations 3, 4, 5, and 6, the absolute value 
of the maximum frame displacement is 


89 ™M w* 
V (Cw)* + (k mw)? 


Thus, the maximum spring force is given by 


(Fy) maz = | Y ~ 8 |maz 
So kmw* 
(8) 
V (cw)*4 + (k mw*)2 
In dimensionless form, Equation 8 becomes 
(Fy) maz (9) 
kK So 
( Wy ) 
ec \2/ « \2 1 ® \272 
2y¥(—) (=) +—[: ] 
c Wy 4 ®n ’ 
Equation 9 is plotted in Fig. 2a for s) = a con- 


stant. If the frequency, damping ratio, and maximum 
frame displacement of a particular system are known, 
the maximum spring force can be determined from 
the curves. 

A similar procedure is used to find the maximum 
damper force. This depends on the magnitude of 
the maximum relative velocity. In this case, 


{ F'p ) maz c y’ 3’ max 
89 MCw® 
(10) 
V (cw)? + (k mw*)2 
In dimensionless form, 
(Fp) mex (11) 
kK 8 
c ) ( @ ) 
( c. Wn 
j c . @ eS oy “@ \272 
(ETS) ST -(E 
Ce Wn on 


which is plotted in Fig. 3a. Again, so = a constant. 
The dimensionless transformations to get Equations 
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9 and 11 were facilitated through the use of the well- 
known relations: 
hn 
®, = * al (12) 
m 


At resonance, it is interesting to note that the 
damper force reduces to 


c, = 2Vmk 


(Fp) maz _ K8o (13) 


which is independent of the damping constant (ex- 
cept for zero damping); hence, all of the curves 
pass through the same point for a frequency ratio 
of unity. 

From Equations 9 and 11, the ratio of the max- 
imum damper force to the maximum spring force is 


2(— )( ~~) (14) 


c On 


( Fp ) maz 
( F, ) max 


which is plotted in Fig. 4. When either force is 
known, the other can be found from Fig. 4 if the 
damping and frequency ratios are known. Converse- 
ly, the damping ratio for a system under operation 
may be obtained if the frequency ratio is known 
and the force ratio is established in some manner, 
as by suitable instrumentation. As a rule, the loga- 
rithmic decrement is used to determine damping 
ratio. The method, however, is based upon the 
measurement of free vibrations and is an approxi- 
mation. It may not apply always to a forced vi- 
bratory system. 


Constant Acceleration Drive: Fig. 2b and 3b give 
the curves for maximum spring and damper forces 
when the excitation is at constant acceleration, as 
So” sow*/g. Obviously, the drive amplitude de- 
creases with increasing frequency. 
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Fig. 4—Ratio of maximum damper force to maximum spring 
force versus frequency ratio for various damping ratios. 
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Fig. 5—Vibration nomogram for determining displacement, velocity, 
acceleration, and frequency for harmonic motion when any two of 


the parameters are known. (Chart, courtesy Ling Electronics Inc.) 


The over-all effect is that the curves of Fig. 2b and 
3b are “flattened” over a greater band width than 
the curves of Fig. 2a and 3a. The two sets of curves 
are assumed to have the same drive amplitude and 
acceleration at resonance. 

Since the frame amplitude does not appear in it, 
Equation 14 is valid for either constant displace- 
ment or constant acceleration drive. Vibration nomo- 
grams are available for determining displacement, 
velocity, acceleration, and frequency for harmonic 
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motion when any two of the parameters are known. 
Fig. 5 is one of them. Its use is illustrated in con- 
junction with the solution of problems by the meth- 
ods of this article. 


Example I: A 3-in. cube of aluminum is supported 
elastically, Fig. 1. The undamped natural frequency 
of the system is 50 cps; the maximum exciting fre- 
quency is 100 cps. Assume a damping ratio of 0.3. 
Calculate the maximum spring and damper forces 
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if the exciting motion is constant displacement of 
So = 0.04 in., single amplitude. 

SotuTion: Mass of cube, m 0.1 (3)*/386 
0.007 lb-sec? per in. Natural frequency, o, 2rf. 
314 rad per sec. Spring constant, k Men” 

0.007 (314)? 690 |b per in. 

From Fig. 2a, for a damping ratio of 0.3, the 
spring force is a maximum when the frequency ratio 
is 1.13. Thus, (F,)mex/kSo 1.70. The maximum 
spring force is 1.70 (690) 0.04 = 47.0 lb. 

The damper force is a maximum when the fre- 
quency ratio is 2.00, Fig. 3a. Thus, (Fp) maz 1.45 
kso 1.45 (690) 0.04 = 40.0 Ib. 

Fig. 4 is not used in the last calculation because 
the forces are not at the same frequency. 


Example 2: Given the same data as in Example 1. 
Calculate the maximum spring and damper forces 
if the excitation is constant acceleration of s9” 
Og. 

SOLUTION: From Fig. 5 at 50 cps, so 0.04 in., 
which merely happens to be the same value as in the 
previous example. From Fig. 2b, for the 0.3 damping 
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ratio, the spring force is a maximum for the frequen- 
cy ratio of 0.93. Or, (Fs) maz = 1.70 kso = 1.70 (690) 
0.04 = 47.0 lb. The damper force is a maximum 
when the frequency ratio is 1.00, Fig. 3b. Thus, 
(Fp) maz 1.00 (690) 0.04 = 27.6 lb. 


Example 3: Same as Example 2 except for so” 
20g. 

SotuTION: The so 0.08, the resonant displace- 

0.93. (Fs) maz 1.70 (690) 0.08 
1.00. (Fp) maz = 1.00 (690) 0.08 


ment. o/np 
94.0 lb. @/ On 


59.2 Ib. 


Example 4: What would be the maximum spring 
force at resonance in Examples 1, 2, and 3? 

SoLuTion: From Fig. 4, for frequency and damping 
ratios of 1.00 and 0.3, respectively, (Fp) maz/(Fs) maz 

0.6. For Examples 1 and 2, (Fs)maz = 27.6/0.6 

46.0 lb. In the case of Example 3, (Fs) maz 
59.2/0.6 92.0 lb. The agreement between the 
resonant (maximum) spring force values in the last 
problem with the maximum values for Examples 1, 
2, and 3, in general, is fairly good for small damp- 
ing values. 








Calculating Thermal Expansion of Tapered Members 


In most designs combining parts made of two dif- 
ferent materials, the engagement is at a cylindrical 
surface. However, within a given envelope, a tapered 
engagement distributes forces over larger areas, thus 
minimizing stress levels. The intimate contact at 
the tapered surfaces, if retained throughout the oper 
ating-temperature range, contributes a shakeproof 
quality that is particularly desirable in a vibrating 
environment. 

For instance, a tapered metal stud and _ plastic 
block are usually assembled with zero radial clear- 
ance at the taper. Ideally, the increment of clear- 
ance due to temperature rise will also be zero, An 
increase in clearance lessens vibration resistance; 


interference increases the compression-stress level in 
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the block. Factors other than thermal expansion 
may also govern the design, and some compromise 
may be necessary. 

The equation for the clearance (or interference), 
c, of corresponding points on the two tapered sur- 
faces is: 


c [(1 a, At) (re htan 6 + he tan 6) 


(1 a, At) (7 h; tan @) | 


where At temperature change from assembly to 
operation; a, and a, thermal coefficients of linear 
expansion for stud and block materials respectively; 
and ry, re, h, hy, he and @ are physical dimensions 
shown in Fig. 1. Subscripts a refer to points on 
the surface of the stud; b, to points on the surface 
of the block. Dimensions at room temperature are 
in lower case letters and these at elevated temper 
atures in capitals. 

Axial expansion of the stud is measured down- 
ward from line AA and the block’s axial expansion, 
upward from line BB. 

Point a on the stud moves, with rise of tempera- 
ture, to some point a’, point b on the block, to b’. 
The original locations a and b are located so that 
a’ and b’ are on a discrete radial line. 

If the solution for c yields a negative quantity, 
expansion has caused an interference fit. The equa- 
tion is a general expression and is applicable to 
any combination of materials—Gerorce H. Logan, 
North American Aviation Inc., Los Angeles, Calif. 
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Thermal Stresses in Design 


Part 21—Effect of Mean Stress and Strain 
on Cyclic Life 


Stress Components 
Multiaxiality 
Prestrain in Plastic Range 


S. S. MANSON 

Chief, Materials and Structures Research Div 
Lewis Research Center, NASA 

Cleveland, Ohio 


"\ACH region of a body subjected to repetitive 
“, cyclic temperature may undergo a complex 
history of stress and strain. But, after a suf- 








ficiently large number of such cycles, the conditions 
I I 0 


at any one point tend to stabilize and assume a 
Area Area 


repetitive pattern. 
] I A -=-8 


Usually, the life is sufficiently long to be gov- 
erned largely by the repetitive pattern that is estab- | | 
lished rather than by the early cycles. But, the 
early cycles are also of importance since they influ- she 
ence the shakedown condition that is established. 
They may also result in permanent material pre- 
strains which infiuence the resistance to subsequent 


























cycling. This article discusses the estimation of cyclic R n+ 


life in parts which have been subjected to tensile 

prestrain. Such situations are very common when | | ye 
external loads are superimposed on the loads de- —f. 
veloped by the thermal cycling. But, they may also 


Load P 


occur when the loads are entirely thermal. ~ 
The effect of tensile prestrain is illustrated by two 





9 


same as Fig. 125,?° shows the shakedown condition 


important cases. Fig. 126, which is essentially the | 
for the two members of a constrained two-bar struc- | 
ture, one bar of which is subjected to cyclic tem- 
perature variations. The structure is required to 
support external load L. Upon shakedown, the lighter sis eae 
bar, A, of the two bars develops a cyclic plastic strain 
while alternating between tensile and compressive 
stress of approximately equal magnitude. While the 








Fig. 126—Load-strain relations asympto- 


effect on life of cyclic plastic or total strain has tically approached in two-bar structure 
been discussed,?° an important distinction here is supporting external load, while one bar 
that the material is subjected to a large mean strain, is thermally cycled. Condition of bar A 

: ; not determined from initial load-strain 
Vy(e4n + €4nay%), before commencing the period carve of he canted 


in which only cyclic strain (¢4,n+: ean) is im- 


20References are tabulated at end of article 
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Fig. 127—General shape of e«, 
versus N curve for cycling from 
zero tO maximum strain. 





Cycles to Failure, V 


posed. It is important, therefore, to determine the 
effect of plastic prestrain on life under known 
cyclic strain. This leads to a better understanding of 
the method for determining the constants in the 
life equation, Equation 11.8 

The other important effect of prestrain on life is 
illustrated in Fig. 126 by bar B. Here a certain 
amount of plastic prestrain is induced during the 
early loading history. But, once the prestrain has 
been established, the material settles down to elastic 
cycling. Since it is common, in dealing with me- 
chanical fatigue, to define the operating conditions 
in terms of stresses rather than strains, bar B can 
be said to cycle with a stress range of (o7.» 
about a mean stress of '/5(oz,, 


OR n+ y) 


CB n+ y). 


> Prestrain in Plastic Range 


The simplest method of determining the effect of 
a plastic prestrain is to observe the effect of pre- 
strain on ductility. Thus, if a material has ductility 
D, and is first subjected to plastic prestrain 8, its 
remaining ductility is (D — 8). Hence, if the life 
relation, Equation 11,* is rewritten in terms of duc- 
tility, the effect of altering the ductility on life can 
be deduced directly. Therefore, constants K and n 
in Equation 11 must be expressed in terms of duc- 
tility. The values of n = 2 and K = D?/4, from 
Equation 11 with N = 4 and plastic strain D, is 
often assumed correct. However, a good correlation 
is not always obtained by choosing K D?/4. 
Thus, the relationship between ductility and the 
constants in Equation 11 should be re-examined. 

A careful examination of the shape of the «, — N 
curve, particularly in the vicinity of very low values 
of N has been made.*"-*? In general, if the tensile 
test is regarded as a cyclic test with N = 14, the 
log-log curve of e, and N is not a straight line in 
the low cycle range, Fig. 127. Although quite straight, 
as required by Equation 11, at numbers of cycles 
more than 10, the curve bends down progressively 
at lower cycle region. The intercept of the extra- 
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polated straight portion of the curve on the line N 

1, has a numerical value approximately twice 
the ductility, rather than simply equal to the duc- 
tility. Hence it would appear that either Equation 
11.is invalid at low values of N or that consideration 
must be given to some other factor at the low values 
of N. 

The difficulty can be resolved if a more precise 
definition is given of the conditions under which the 
life equation is expected to be valid. Since cyclic 
life might be expected to have some dependence 
on mean strain as well as cyclic plastic strain, Equa- 
tion 11 can at best be valid only if the mean strain 
is zero. Thus, tests to ascertain the validity of this 
equation should be conducted with zero mean strain, 
Fig. 128. The test specimen, after being strained 
a given amount in tension, was caused to flow an 
equal amount in compression before the cycle was 
repeated. If the tensile test is to be regarded as one- 
quarter cycle of a reversed-loading test in which 
the mean strain is zero, Fig. 128, the plastic strain 
for the complete cycle must be twice the ductility. 
Hence Equation 11 becomes 


1 
N = —— (09/2D)" (175) 


For n = 2, Equation 175 becomes 
D 2 
_— ( . . . (176) 
Ep 


Now, if plastic prestrain § is imposed on the mate- 
rial prior to strain cycling, the ductility becomes 
(D — 8), and the equation for the remaining life is 


1 2(D — 8) ]* 
N | meine (177) 
4 Ep 
Or, for n = 2, 
(D — 8) 2 
N Ee = (178) 
&p 
Equations 177 and 178 then replace Equation 11 
for determining life. Of course, both D and 8 must 
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be measured as true, or logarithmic strains. 


Validity: The nonlinearity of the e, — N curve 
has been used to validate Equation 178. This non- 
linearity exists largely because most tests used to 
determine the validity of Equation 11 were not con- 
ducted under the condition of zero mean strain, 
Fig. 128. The more conventional procedure is to 
stretch a material to a given length, and then to 
return it to its original length, rather than to cause 
it to become correspondingly shorter than the origi- 
nal length as required by Fig. 128. If a series of 
tests are run with different strain ranges, each test 
then has a different prestrain, Fig. 129. The actual 
test consists of successively traversing the path OAB 
in the first half cycle, and O’ABCDE in the remain- 
der of the test. Some allowance must, of course, be 
made for the change in the hysteresis loop develop- 
ing during the cycling as previously discussed. 

Approximately the same results would be obtained 
if, in the first cycle, the straining were stopped at A, 
unloaded to A’ and then resumed along the dotted 
line A’B. Continued cycling, after the first cycle, 
would still occur along O’ABCDEO’. Hence, this 
test is then equivalent to first applying a prestrain of 
approximately ¢,/2, and then applying a_plastic- 
strain range, ep, about a reference point A’. Thus, 
from Equation 178, 


N - = (179) 


Ep 
The log-log plot of e, versus N is no longer a straight 
line, but is curved, Fig. 127. After approximately 
10 cycles, the curve straightens out, and assumes a 
slope of —'%. But in the region to 10 cycles, a dis- 
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Fig. 128—Stress-strain relations for speci- 
mens cycled with different strain amplitudes 
but at zero mean strain. The tensile test 
corresponds to a plastic strain of 2D at 
N=. 
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Fig. 129—Stress-strain 
cycling involving return to original length. 
Mean strain is half the plastic-strain range. 


tinct downward curvature occurs. 

Fig. 130 shows the behavior of e, and N for dif- 
ferent values of § when 8 is linearly related to ep. 
The higher the value of 8/ey, the greater is the de- 
viation from linearity in the low cycle range. For 
large values of N, larger than 100, the effect of 8 be- 
comes relatively small. When 8 is constant, rather than 
proportional to e,, the e, to N relation is a straight 
line intersecting the value N = | at ep = (D — 8). 


Application: Equation 176 is usually used to pre- 
dict cyclic life in applications such as bar A, Fig. 
125,?° where a substantial prestrain is imposed before 
commencement of cyclic straining. The derivation 
presented here also has other value: It explains in 
part the curvature of the e, to N relation at the low 
number of cycles, and it provides an indication of 
how the tensile ductility helps predict the e, to N 
behavior at higher cyclic lives. For example, the curve 
for ep versus N, Fig. 130, is sensitive to § and there- 
fore to the mode of applying the strain cycling for 
the relatively low number of cycles. The solid line 
drawn through point e, = 2D at N = 14 and hav- 
ing a slope of —!/ not only represents the material 
behavior well over the entire range of N for & = 0, 
but it also represents the curves for other values of 
8/e, for the large number of cycles to failure. Thus, 
the equation N = (D/e,)? will give reasonably good 
values of N as long as N is appreciably large (> 100) 
regardless of the relation between prestrain and plas- 
tic strain per cycle. The e, to N relation for the con- 
ventional test, in which the strain is cycled between 
zero and a fixed strain limit, can thus be estimated 
by drawing a line of slope —'/ through the point 
e» = 2D,N = \. 

Although exponent n in Equation 11 is usually 
close to 2, appreciable deviation from this value 
can occur for some materials. For most of these ma- 
terials, the e, versus N curves tend to be a little 
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Fig. 130— General appear- 
ance of e, to N relation for 
prestrains which are depen- 
dent on the plastic strain 
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steeper than that required by n = 2. If an attempt 
is made to approximate this curve by a line with n 

2, it is usually best to pass the line through a 
point having an ordinate lower than 2D at the ab- 
scissa N = 144. A reasonable compromise that appears 
valid for the range of materials examined is to choose 
this ordinate at 1.5D. It is for this reason that the 
compromise Equation 154! assumes the form shown. 


> Effect of Multiaxiality 


The discussion thus far has dealt with uniaxial 
strain. When biaxial or triaxial strains are involved, 
some method must be postulated to combine their 
effect into a single formula. Also it is necessary to 
indicate a procedure for separating plastic strains 
from total strains, so that Equation 176, which 
involves only plastic strains, can be applied. 

Let it be assumed that total strain components 

have been determined either by measure- 
ment or by computation at two extreme conditions, 
| and 2, and that these total strains therefore fluc- 
tuate between e,1, €y.1, f-1 ANd fro, fy2, f22. A 
simple procedure, as yet of unknown validity, but 
consistent with other engineering approaches used 
in such situations, is as follows: 

|, Separate strains in each direction into mean and _ al- 

ternating components &m and &q respectively. Thus 
—_ Vy (er. + e2.2) and fra (€x,1 Pr,2), 
with similar relations for the strain components in 


the y and z directions 


Combine mean components ¢ m, €z.m into an 


equivalent total mean strain, &m,. according to equation 

80... Then apply Equation 81,"' together with the 

stress-strain curve, to determine the plastic component 

of #m, which can be designated as p.m. This plastic 
component takes the place of 8 in Equation 177. 

3. Follow a procedure similar to step 2, using the al- 
ternating components ¢,,«, etc., to determine an equiva- 
lent component of plastic alternating strain, &p,a. This 
quantity takes the place of &p in Equation 176. 


The foregoing procedure does not take into ac- 
count the effect of multiaxiality in the ductility 
of the material. Little experimental information is 
available on this effect. Where known, the ductility 
can, of course, be altered to account for the reduction. 


> Mean and Alternating Stress Components 


In many problems it is not convenient to compute 
the plastic strains involved, and it is much easier to 
work with the stress components. This is particular- 
ly true if a portion of the loading is mechanically 
imposed. Analysis on a stress basis is also desirable 
when the nominal stresses are in the elastic range, 
thus implying infinite life, whereas fatigue tests in 
this stress range indicate finite life. Undoubtedly, 
in such cases, the plastic flow involved is highly 
localized, and does not show up in an engineering 
analysis. But, it is nevertheless present to reduce 
experimental life. 


Basis: For this purpose, use is made of a modified 
Goodman diagram shown on the right side of Fig. 
131, in which the co-ordinates are mean stress and 
alternating stress. This provides curves of constant 
life. Hence, any point on a given curve will provide 
one combination of mean and alternating stress for 
which the number of cycles to failure will be equal 
to the parametric value associated with that curve. 
For example, if the curve for infinite life is desired, 
one point on such a curve must be point B, having 
a mean stress of zero, and an alternating stress equal 
to the endurance limit. Likewise point O, having an 
alternating stress equal to zero and a mean stress 
equal to the ultimate tensile strength, must lie on 
this curve. 

The line between O and B will in general be 
curved. But, in the absence of adequate experimental 
information for a given material, it can be assumed 
as a first approximation that the straight line OAB 
is the locus of combinations of og, and omean that will 
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give infinite life. 

At om = 0, the locus of combinations of mean and 
alternating stresses must pass through B’, the ordi- 
nate being determined from the conventional fa- 
tigue curve to the left of the figure for stipulated life 
N;. This curve must also approach the horizontal 
axis in the vicinity of point O, since any steady 
stress less than o, gives infinite life, whereas any 
steady stress greater than o, gives essentially zero 
life. Again if the curve is approximated by a straight 
line, the locus of combinations which yield cyclic 
life N; is the straight line joining the readily deter- 
minable points B’ and O. 


Procedure: To determine the life associated with 
the point A’ having a mean and alternating stress 
Oma and og,4’, respectively, the procedure becomes: 
1. Plot A’ having the known co-ordinate. 2. Join O 
to A’. 3. Extend the straight line until it intersects 
the vertical axis at B’. 4. Determine N, from the « 
to N curve corresponding to the alternating stress 
oR 

Instead of the stress at O equal to the ultimate 
tensile strength, the mean between the yield stress 
and the ultimate tensile strength can be used.?4 

In constructing the « to N curve to the left of Fig. 
131, it is naturally desirable to use experimental 
fatigue data for the material. When plotting such 
data, the vertical stress scale is linear, whereas the 
e to N curve is frequently plotted on log-log co- 
ordinates. When information on the fatigue charac- 
teristics of a material is limited, use can be made ol 
a commonly used approximation.”° A reasonable ap- 
proximation of the e versus N curve can be obtained 
by constructing a straight line on log-log co-ordi- 
nates between 0.90 o, at 10° cycles and og at 10°, 
where o, and oy are the ultimate strength and en- 
durance limit, respectively. Such a construction can 
be performed on an auxiliary plot, and transferred 
to Fig. 131 which uses semilog co-ordinates. Alter- 
natively, it is possible to provide a transfer scale to 
proceed from linear to logarithmic co-ordinates. This 
procedure is used in a later example, Fig. 132. 

It is also possible to apply the foregoing principles 
of geometric construction, together with the approxi- 
mations indicated, to arrive at the formulas for the 
number of cycles to failure corresponding to a mean 
and alternating stress. This formula is valuable when 
only the ultimate tensile strength, yield strength, and 
endurance limit are known. If oo is the stress at the 
point O, Fig. 131, the number of cycles to failure is 


f Og OR a 
3 logio ( ) ( ) 
0.81 o,,7 Om 
log io N (180) 
OF , 
log 16 ( ) 


0.9 o, 


If the point O is taken at the ultimate tensile 
strength, at the yield point and at the mean of the 
two stresses, then a9 = /y(o, + oy). 


Effect of Stress Concentration: Presence of a stress 
concentration in the form of a discontinuity of geom- 
etry or material property can seriously reduce the 
fatigue life of a test specimen or a machine struc- 
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ture. In conventional design for mechanical fatigue, 
it is common to compute the stresses as if no con- 
centration factor were present, and then to correct 
fully for the alternating component of stress through 
multiplication by the effective stress-concentration 
factor. The nominal steady component of stress, or 
mean stress, is usually treated without correction. 

Application of the above rule involving multipli- 
cation of the alternating component of stress by the 
effective stress concentration runs into some diffi- 
culty, since the effective stress concentration depends 
on the life, and is therefore unknown until the life 
is determined. This difficulty can be overcome by 
resorting to a trial and error procedure. But for- 
tunately, it is possible to avoid such a procedure by 
using a simple geometric relationship shown in Fig. 
132. 

While the theoretical stress-concentration factor 
for a given geometry can be calculated by conven- 
tional elasticity procedures, the full value of this 
theoretical stress-concentration factor does not ap- 
pear to be active in reducing the life. Consider two 
specimens, one smooth and one notched, which 
have the same theoretical elastic stress. The notched 
specimen achieves this stress at the root of the notch 
as a result of the influence of a stress-concentration 
factor acting on a low nominal stress, while the 
smooth specimen is subjected directly to the stress. 
In general, the notched specimen has a longer life 
than the smooth one. For this reason, the effective 
stress-concentration factor is introduced, Fig. 132. 
Let P represent the o versus N curve of the material 
for the smooth specimen, and Q the o versus N 
curve for the notched bar. The ordinate stresses in 
both cases are nominal values, without regard for 


, , 
Opn /GA, 


the stress concentration. The ratio, k’y , 
which produces the same cyclic life, N;, is defined 
as the effective stress-concentration factor. In gen- 
eral, k’y ; is less than the theoretical geometric stress 
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Fig. 131—Procedure for determining cyclic life in material 
subjected to alternating stress superimposed on a mean stress. 
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concentration factor, k,. Although the curves P and 
QO are schematic in Fig. 132, the geometric relation 
shown is typical of actual curves. 

Hence, to estimate life, point A is located. This 
point has the known component of mean and alter- 
nating stresses, o»,4 and 0,4 without allowance for 
stress concentration. Then point B having the co- 
ordinates (om4, k’y.1 oa.4) is located. But, k’y, is 
not known. If B could be determined, the line OB 
would be extended to intersect the vertical axis at 
o,’. The point on the o versus N curve for the 
smooth specimen having the ordinate o,’ would 
then be located by projection, and the life N; de- 
termined. However, exactly the same result would 
be obtained by joining O to the known point A, 
extending the line to a4’ on the vertical axis, and 
then projecting to the point on the o—N curve of 
the notched material having the ordinate o4’. 

Thus the point B and the o—N curve for the 
smooth material need not even be introduced into 
the problem. The procedure is simply to locate A, 
then o,’, and then to determine life for the value 
of eo,’ from the o—N curve of the notched material. 
This, of course, assumes that fatigue properties of 
the notched material are experimentally determined. 
For preliminary design, such properties may not be 
available. But, it may be desirable still to estimate 
the life in gross approximation. For this purpose, it 
may be assumed that the full theoretical stress- 
concentration factor, k, becomes the effective stress- 
concentration factor at the endurance limit. Thus, 
if the endurance limit of the smooth material is oz, 
the endurance limit of the notch material is on/k;, 
where k, is the theoretical stress-concentration factor. 
The procedure for analyzing a notched part is 
identical to that for analyzing the corresponding 
smooth part, except that the o—N curve for a 
notched specimen is used in the former case. 

The significance of mean stress in affecting the 
life of a part under thermal cycling is illustrated by 
tests performed on notched specimens of Timken 
Alloy 16-25-6.* 

An important observation drawn from these tests 
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Fig. 132—Method of accounting 
for notch having theoretical stress- 
concentration factor &. 


Mean Stress, a 


shows that for the same alternating stress, a seventy- 
fold reduction in life occurred when the sign of the 
mean stress was changed while its magnitude was 
maintained approximately constant. The graphical 
construction would have predicted a life reduction 
factor of approximately 54. The importance of mean 
stress cannot be overestimated for cases in which 
the operating stresses are nominally elastic. The 
order of application of thermal load, which governs 
the mean stress, can thus be of the greatest im- 
portance in determining cyclic life of a structure. 


Application: The foregoing procedure can be di- 
rectly applied to thermal-stress problems by applica- 
tion of the elastic strain-invariance principle. The 
calculations can, at best, be regarded only as en- 
gineering approximations, since the elastic strain- 
invariance principle, the o—N curve, and particu- 
larly the concept of effective stress-concentration 
factor, are all approximations which neglect true 
localized conditions. But, the availability of even 
rough indications of cyclic life may be valuable in 
initial design, and for comparison of several alter- 
native designs. 

To apply the elastic strain-invariance principle, 
the procedure is simply to compute all the strain 
components on the assumption that the material 
remains elastic. Once these strains are known from 
elasticity, they are assumed to be the correct strains 
even under the condition of plastic flow, and a pre- 
liminary problem must first be solved to determine 
what the stress components need to be if the strain 
components are to be those calculated from plas- 
ticity. The basis for such calculations has already 
been described.1! The equivalent total strain, e¢ +, 
can then be computed, and from this strain, together 
with the stress-strain curve, the equivalent plastic 
strain, ¢¢», can be computed.1! Equations can 
then be used to obtain the plastic components of 
strain.'? From the total strains and plastic-strain 
components, equations can be used to compute the 
stress components. This procedure is repeated at 
each of the extreme conditions of operation, some- 
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times requiring several trial calculations to determine 
the extreme conditions on which to base design. 

For purposes of further analysis it will be assumed 
that each critical point in the structure has been 
analyzed, and that the stress components have been 
determined at the two extremes on which the design 
is to be based. Since in the design of symmetrical 
components the directions of the principal stresses 
are known, it will be assumed that the directions 
involved are the principal directions. The first step 
is to separate the stress variation in each of the 
directions into a mean and an alternating compo- 
nent. In the x direction, for example, 


Oz,1 T Oz,2 Oz,2 ~ Fz,1 


Cra — - —- (181) 
2 2 


Fx,m 


The second step is to determine an equivalent 
mean stress, o¢,m, based on the components of mean 
stress, and an equivalent alternating stress, o¢,0, 
based on the components of the alternating stress. 
From Equation 74," 


Fe,m as yon [ (ox,m Oy,m)? T 
V2 
(ox,m 3 Cz.m)? T (Gym O2,m)*]% (182) 
and 
Sea + —— [(oz4 — Oy,a)* + 
V2 
(O24 G2,a)? + (Oya — G2,4)?2]% (183) 


A question arises, however, as to the algebraic sign 
of oem. This sign may be taken as that of the largest 
of the components o2,m, Gy,n OF o2,m. Beyond this 
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point the problem can be treated essentially as a 
uniaxial case, in which the mean stress is o¢,, and 
the alternating stress o,,4. 

The foregoing method for analyzing cases involv- 
ing triaxial stresses in which the components have 
nonzero mean values is only one of the many 
methods that can be used.?° 

The next article in this series will discuss the 
cumulative damage caused by cycling. 
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Circle Formulas 


These formulas for parts of circles permit solu- 
tion for unknowns with various combinations of 
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Unknown Known Formula 
A CandR sin(A/2) C/2R 
CandH tan(A/2) = C/2H 
Candh tan(A/4) = 2h/C 
Land R A=27R/L 
C AandR C = 2Rsin(A/2) 
360 L sin (A/2 
Aand L C= 
TA 
Land R C = 2R sin [28.6478 L/R] 
H Rand A H = R[l — cos(A/2)] 
RandC H = R— [R? — (C/2)?]* 
L Aand R L = 7 RA/180 
0.008726 C A 
AandC L = —— 
sin(A/2) 
R Aand L R ISO L/7TA 
Cc 
AandC _ 
2 sin(A/2) 
known values. Fig. 1 identifies dimensions and 


angles used in the tabulated formulas. —A. D. 
RosBerts AND W. D. Carroii, Diamond Match Div., 
Diamond National Corp., Barberton, Ohio. 
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Gesinmn im action 


Packaged-Component Design 
Makes Radio Servicing a Cinch 


COMPONENTS ARE PACKAGED in subassemblies 
for quick replacement in a new table radio. 
For manufacturing economy, packages are de- 
signed to be interchangeable with those of 
other models in the company's line. Expand- 
able mounting frame can be adapted to a 
variety of cabinet sizes and shapes. Multiple 
connectors save time-consuming circuit tracing 
and possible connecting errors. Exception to 
the interchangeability rule is the tuning pack- 
age which varies in size and shape according to 
cabinet style and number of tuning bands. 


TROUBLE SOURCES ARE ISOLATED in four pack- 
ages: Power package, tuning package, mixer, 
and amplifier package. Each of these can be 
quickly removed and replaced by a semiskilled 


worker 


Radio with prefabricated unit system, called Servo-Chassis 
comes from Telefunken GmbH, Hannover, Germany. 











™ 
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Caliper Motion 
Clamps Brake Discs in New Crawler 











CALIPER-LIKE MOTION activates braking sur- 
faces of disc brakes mounted on the twin drive 
shafts of a new crawler. Adjusting screw com- 
pensates for wear and uneven braking. It's 
easily reached by removing a cover plate just 
ahead of the tractor's drive wheel. 


CONTROL PEDESTAL SUPPORTS brake pedals 
as well as other major driving controls. Unit 
design reduces production costs and simplifies 
operation of the machine. Levers to the right 
of the seat operate associated equipment like 
shovels, bulldozer blades, etc. 


UP-FRONT POSITION puts driver in command 
of his vehicle. Hot air from the 100-hp motor 
behind him is blown to the rear by dual fans 
running from the rear power takeoff. Eimco 
Corp., Salt Lake City, Utah, makes the crawler. 
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design im action 


Indexing Turret Turns 


To index 
turret 






§ Indexing pawl 


TURRET 1S COUPLED directly to a splined 
control shaft through a spiral gear in a 





new automatic turret lathe. Indexing 
the turret automatically calls for the 
proper sequence of operations to corres- 
pond to the turret position. A drum on 


the control shaft carries cams correspond- 

















ing to feed start and stop positions. 














Turning the shaft brings the proper set 
Lockpin— of cams in line with corresponding limit 
AZ switches. Timing gear connects the shaft 


to a multiple knife-blade switch that 








chooses proper sequence from six (corres- 


2) ponding to six turret positions). A cam- 
© si Detent operated mastef switch cuts out current 
A _ Ce Oe during switching to protect delicate knife- 


A 
] / blade contacts from sparking. 
| 











+> ENS SEE S'S 








RETURN TRAVERSE MOTION is used by pawl-and-pin mechanism to index the turret. 
Safety feature is detent that stops forward movement until lock pin is in place to hold 


turret in positive angular position. Pin and detent are positively linked to move together. 
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Control Shaft to Select Program 


Rotating workpiece 
\ Sliding tool holder 











Turret facing ram 


Slotted ways mounted 
to turret wie, * 











j 








Normal turret feed 


ADDITIONAL FACING FUNCTION is provided by an 
auxiliary crosshead-mounted ram. Its cylinder operates 





from the same servohydraulic system that controls auto- 

matic features of the turret so there's a minimum of control duplication. The tool is 
mounted by a short, slotted ways to the turret head, so controls for automatic turret 
position the tool and an additional switch on the turret control panel brings the facing 


ram into operation. 





Traverse cylinder EXTRA-FAST RAPID TRAVERSE sys- 
tem dumps fluid from traverse 
cylinder directly into the reservoir. 
Controlled feeding speed is pro- 
duced by passing exiting fluid 
through a metering valve. Valves 
































for each of six operations can be 





set to predetermined speeds. 
Valve leaks that destroy accuracy 
of feed are avoided by a back- 
pressure system that holds check 
valves closed. To avoid surges, 
pressure is maintained on metering 
system during rapid traverse by 








another check valve. 
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Indexing Turret Turns Control Shaft to Select Program (continued) 


BUILT-IN PROGRAM CEN- 
TER sets up complete pro- 
gram of six operations for 
the automatic lathe. Each 
abscissa represents one of 
six operations correspond- 
ing to six turret positions. 
Each ordinate represents a 
specific machine function 
which may be selected or 
altered for each opera- 
tion. Six flow metering 
valves controlling rate of 
feed are adjusted by dials 





at the top of the cabinet. 
Rate of feed is indicated by meter at the left. Start and 
stop positions are controlled by adjusting cams on cam 
drum. Any operation can be changed as needed for one 
cycle and then quickly restored to previous setting. Op- 


erations can be repeated or bypassed on tough pieces. 





EASY ACCESS FOR SERVICE is arranged by mounting 
valves on u panel in the back of the headstock cabi- 
net. Standard components are bolted on for quick 


replacement with a minimum of downtime. 


Automatic turret lathe with unified controls 
and closely controlled hydraulic feed rate 
is a development of Gisholt Machine Co., 
Madison, Wis. 
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“Bucket” Design Reduces Cavitation 
In Wobble Pump for Cryogenic Fluids 


a 


Sie 








FLUID FLOWS in one direction only through a new cryo- 
genic pump incorporating inlet valves in the pistons. Elimi- 


Reacticn nating flow reversal of conventional piston pumps cuts 
plate down on work loss which tends to evaporate the fluid. 

\ Cavitation is also reduced by eliminating need for a 
pressure drop on the intake stroke to accelerate the fluid 

r column in the piston. The only significant pressure drop 

ii remaining results from change of flow area across the 

Roller wp X valve. Identical inlet and outlet valves have cross sections 


equal to 35 per cent of cylinder cross section. 


Cryogenic pump for liquid hydrogen was 
developed at NASA's Lewis Research Cen- 
ter, Cleveland, Ohio, and was reported by 
Arnold E. Biermann and William G. Shinko. 








Wobbler 





Z-CRANK OPERATES the wobble 
plate. Its torque is resisted by 
a roller that bears on a simple 
reaction plate. Piston rings and 
ball-socket linings are Teflon for 
long wear and good lubrication 
in low-temperature, low-viscosity 
liquid hydrogen. The pump has 
been operated in JP-5 and liquid 
nitrogen as well. 





August 4, 1960 141 








design im action 








Limit Switches Count Gear Teeth 







Sector shown in 
“up” position ond 
ut to drop 


ee 


CAM ACTION OF GEAR TEETH operates a limit switch 


to send a pulsed signal indicating water height in a 


rain gage. Up to ten teeth pass the limit switch on a 
single readout, furnishing ten possible signals that dif- 
fer in the number of pulses transmitted. Four of these 


units are coupled to transmit a four-digit number. Lead- 
ing count cam rotates as a float (not shown) rises 


The follower's height is determined by the cam surface 


| canning motor 





| 
| 
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wieke ote ww eee 
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‘Scanning com 


10 Teeth 


LLL LAA dt hhh 
‘ Limit switch 


Leading count 
cam 
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CSA SSS. 


The follower limits the downward motion of the gear 
sector, establishing the number of teeth that pass the 
limit switch. In a typical readout operation, incoming 
demand signal triggers rotation of the scanning cam 
which turns to let the gear sector drop and ‘‘feel’’ the 
follower's position. As the scanning cam continues to 
turn, the gear sector rises to its rest position, operating 


the microswitch as it moves. 


Stationary cam 





es SS oe ore aoe a —— 2 


_—Worm wheel 








STATIONARY CAM PULLS 
pawl out of engagement with 


py spider arm to provide a 10- 


sec delay in scanning re- 
sponse while it moves to the 
next arm. Pawl transmits 
drive from the worm wheel 
to the spider which is geared 
\ io the scanning cam _ shaft. 
\ The delay 


ceiving equipment will - pick 


insures that re- 


es up the start of the signal. 


2zzZzaE 
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Follower of leading Second count cam 
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For Digital Readout in Telemeter 


SA BEIETETE TS 
< orcmemne oe 
Bee 
! 11 
! 1! Follower of second 
H i | ! count com 
i" Oe il 
| | 
ae 





Tripping 
' ! mechanism 
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COUNT IS PASSED from one count cell to the next by 
a ratchet-and-pawi device linked to the follower of 
the preceding count cell. As the follower drops on 
the tenth count, the succeeding count cam is advanced 


one-tenth of a complete rotation. 





Cam-operated hold-in switch 
ke 











T h 
1 Telephone 
er 43 line 
—f +— 
| | 
7 
° =— Oscillator 
\ > 
~~ 
* 
Scanning 
motor > Count-cell 





limit switches 


INCOMING PULSE STARTS the scanning motor and 
closes a cam-operated hold-in switch. When readout 
is complete, hold-in switch is tripped to open the cir- 
cuits. A dashpot is included in the hold-in switch sys- 
tem to establish a reset time. 
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Mechanically scanned four-digit telemeter was developed 
By E. Betz of the University of New South Wales, 
Australia, and is now being used by the Hunter Valley 
Research Foundation for pluviometer telemetering. 
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SLIDER-CRANK WHIP 


Inertia forces in high-speed machinery may double or triple the 
working stresses within machine members when compared with the 
stresses induced by the loads alone. Here is a method that isolates 
a connecting rod from its adjoining links and shows how the ampli- 
fying effects of inertia forces can be predicted by calculation. 


GEORGE W. MIDDLETON 
Assistant Professor 

Department of Engineering Mechanics 
North Carolina State College 


Raleigh, N. C 
Nomenclature 
Ag Vector acceleration of center of gravity 
tAg = Magnitude of acceleration Ae perpendicular to rod, 
called the tangential component, in. per sec? 
€ = Variable distance along rod between center of 
gravity G and line of action of force W, in. 
I = Mass moment of inertia of rod, lb-in.* 
k = Fractional proportion of L between crankpin and 
center of gravity 
L = Length between pin centers of connecting rod, in. 
M = Mass of connecting rod, Ib-sec? per in. 
r = Crank radius, in. 
W = Force defined as whip 
w,y = Crank pin coordinates, in. 
2 = A function of y, in. 
a = Angular acceleration of rod, rad per sec? 
# = Constant angular speed of crank, rad per sec 
#; = Variable angular speed of connecting rod, rad per 


sec 
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UMEROUS methods are available for solving 
N problems in the dynamics of slider-crank 

mechanisms. Graphical methods are conven- 
tional. Simple analytical methods are approximate. 
Some approximate methods furnish correction fac- 
tors that are adequate for almost any design pur- 
pose. In general, the differences between calculations 
performed by approximate and exact methods de- 
pend upon the length ratio of the connecting rod 
and the crank. 

In other words, a 4 to 1 ratio shows less dis- 
crepancy between an exact and an approximate 
method than a 2!/ to | ratio. An old rule designates 
4 to 1 as a boundary ratio. For ratios greater than 
4 to 1, an approximate analysis is regarded as good 
enough. For smaller ratios, an exact analysis, or an 
approximate method with correction factors, is ad- 
visable. 

Much routine calculation of today is performed 
on machines. Frequently, an exact solution of a 
problem upon a desk calculator is just as easy and 
convenient to achieve as an approximate or graphical 
solution. Associated with a calculator, of course, is 
a plan or program for carrying out the calculations. 

This article programs the calculations for finding 
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the effects of “whip” on the connecting rod of an 
ordinary slider-crank mechanism. A simple example 
illustrates a tabular application of the program. 


Whip Concepts: Clearly to isolate the connecting 
rod from the other links of the mechanism, consider 
Fig. 1 and 2 and the Nomenclature. Crank r is as- 
sumed as rotating counterclockwise at constant angu- 
lar speed w. To specify a certain angular speed for 
a slider-crank mechanism of known proportions, as 
for example o 3000 rpm, also completely defines 
the velocities and accelerations of any and all points 
and links of the mechanism. 

At each position in a cycle of motion, center of 
gravity G of the connecting rod has an acceleration, 
as vector Ag, Fig. 1. This acceleration, reversed in 
direction and multiplied by the rod mass, is the in- 
ertia force acting on the rod. The accelerations 
change from one position to the next; hence, one of 
the problems of the present analysis is to find the 
position at which the accelerations cause maximum 
whip. 

At the dead points in a cycle of motion, the 
tangential components of these inertia forces are 
zero, but at all other positions an inertia force has 
a finite tangential component. The tangential com- 
ponent is of major concern here because this analysis 
assumes that only the dynamic forces (or couples) 
perpendicular to the rod cause whip. Accordingly, 
the stress effects of whip for design purposes are 
shear and bending within the rod. 

Likewise, angular acceleration of the rod con- 
tributes toward whip as well as components of nor- 
mal accelerations. The magnitude of angular ac- 
celeration and inertia couple is the product of the 
(mass) moment of inertia of the rod and its angular 
acceleration. Fig. 2 illustrates a single force, W, act- 
ing perpendicular to the rod and at distance, e, from 
the center of gravity. This one force is the resultant 
or so-called “whip.” To find that position in a cycle 
of motion at which the magnitude of whip is great- 
est and its corresponding line of action relative to 
the center of gravity of the rod are the specific 
objectives of this presentation. 


Summary of Relationships: Equations for use in 
calculating whip are stated in Table 1. They are 
not derived here because most of them are readily 
verified by trigonometry and Fig. 1. One way to 
verify the ;Ag relationship is to sum the components 
of acceleration perpendicular to the rod. 

Constants in the equations are enclosed by brack- 
ets. They need be calculated only once for a given 
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Wristpin— 


On an isolated connecting rod, “whip” is a 
single force, W, perpendicular to the rod 
and acting at a distance e from the center 
of gravity. 


Table 1—Equations for Calculating Whip 


Lo r cos 6 (1) 
y rsinée = Lsin Bp (2) 
z V L2 — ‘y? L cos B (3) 
WJ 
Wr : (4) 
y 
a [w? (L? r2)] ccw (5) 
[ 
y y(x + 2) — kLa (6) 
L 
Ww M,Ag (7) 
Ia 
e (8) 
Ww 


problem. In Table 2 the equations are arranged 
in column form for convenience in performing cal- 
culations. 


Graphical Calculation of Terms: If a new figure is 
drawn as in Fig. 3, with the addition of two new 
triangles, every term in ;Ag may be recognized as 
a length on the figure. 

The graphical procedure is: For any crankpin 
position B, scale the x and y co-ordinates. Now ro- 
tate crank r to the 90-deg location shown and draw 
the rod length from its end to the centerline posi- 
tion to locate fixed point D. This will scale the 
constant dimension (L? — r?)!/*. Next rotate x to 
the 90-deg location shown and scale dimension z 
from the dashed triangle. For an analysis at any 
position of the rod, the only things that have to 
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SLIDER-CRANK WHIP 


Table 2—Tabular Program for Finding Maximum Whip 





Operation Symbols, Units, Position 
Number Operation 0 2 4 6 8 10 12 
| 6, deg 0 30 60 90 120 150 180 
2 x r cos 8, in 3.000 2 598 1.500 0.0 1.500 2.598 — 3,000 
; y r sin @, in 0.0 1.500 2.598 3.000 2.598 1.500 00 
{ y* (3)? 0.0 2.250 6.750 9.000 6.750 2.250 0.0 
} 2 I (4) 100.0 97.75 93.25 91.00 93.25 97.75 100.0 
6 (5), in 10.0 9.882 9.657 9.540 9.657 9.882 10.0 
7 1000.0 966.0 900.5 868.1 900.5 966.0 1000.0 
~ y/z3 (3)/(7) 0.0 0.001553 0.002885 0.003456 0.002885 0.001553 0.0 
9 a 8,982,000 (8) 0.0 13,950 25,900 31,040 25,900 — 13,950 0.0 
10 x (2) + (6) 13.( 12 48 11.16 9.540 8.157 7.284 7.0 
1] y (x z) (3) (10) 0 18.72 29.10 28.62 21.19 10.93 0.0 
w*(11)/1 9870 (11) 0.0 184,800 287,000 282,500 209,100 107,900 0.0 
13 kLa > (9) 0.0 69,750 129,500 155,200 129,500 69,750 0.0 
14 +Ac (12) (1 00 115,100 157,500 127,300 79,600 40,150 0.0 
15 u 0.006873 (14) 0.0 791.1 1080 874.9 547.1 276.0 0.0 
16 la 0.05818 (9) 0.0 811.6 1507 1806 1507 811.6 0.0 
17 é (16) /(15) 1.026 1.393 2.064 2.755 2.941 
be scaled are x, y, and z. The constant dimension 


(L? r2)1/2 needs only one scaling. 


Example: The numerical example aims to illustrate 
simply and directly a method of calculating whip. 
For this purpose, it is kept free of practical design 
details. The connecting rod, for instance, is taken 
merely as a rectangular steel strip, 3/4 x 5/4 x 10 
in. The crank, of 3-in. radius, rotates counterclock- 
wise at 3000 rpm, or 1007 rad per sec. Thus the 
mass is 

9.375 (0.283) 
M 
g( = 386) 


0.006873 lb-sec* per in 


and the moment of inertia is 
102 + (1.25)2 ) 


I 0.006873 ( 
12 


0.05818 in.-]lb-sec? 


The center of gravity is midway between the crank- 
pin and the wristpin so that k is //. 

Moreover, the 30-deg intervals of Table 2 are as- 
signed the even-numbered positions. This practice 
preserves the odd numbers for identifying an in- 
between position in case additional calculation seems 
advisable toward finding the exact position of a 
maximum. Item 15 of Table 2 is the magnitude 












r 
| = f 
x 


| 


| 
} 
a a oe | | 





~< - Vii2-r 2) ae = 


Graphical determination of variables in 


Equation 6. 


of whip. It happens to be greatest at position 4 
in the present example. 

For W = 1080, L = 10, and e = 1.393, the cor- 
responding reactions, By and Cr, Fig. 2, are 690 and 
390 Ib, respectively. These forces on the rod trans- 
lated into bending and shearing stresses yield s; = 
13,280 psi and s, 1103 psi. Such stresses are the 
consequences of whip alone. They are superimposed 
upon the stresses caused by any external loading of 
the member and the longitudinal inertia effects. 
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Extensible Hoover vacuum-cleaner hose of 
vinyl, top, is shrunk around a spiral wire 
skeleton, itself coated with vinyl. Lightweight 
vinyl garden hose, bottom right, is reinforced 
with high-strength fiber braid. Beverage tub- 
ing, bottom center, is nontoxic and transpar- 
ent for ease of inspection. Rigid PVC pipe, 
bottom left, is corrosion resistant and has good 
dimensional stability. 


Cc. W. BULKLEY 

Technical Service 

Vinyl Resins and Compounds 
Monsanto Chemical Co 
Springfield, Mass 


r i “% ENSILE strengths of vinyl-chloride materials 
can be made to vary as much as 4 to l, 
based on intended end-use. At the high end 

are rigid PVC compounds with strengths up to 8000 

psi; elastomeric extrusion and molding compounds 

are at the opposite end, testing in the 2000 psi range. 

This article, second in a series, presents data on 

properties and characteristics of vinyls, and the ef- 
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Designing 
with Vinyls 


Part 2 
Vinyl 
Properties 


fects of environmental conditions on design con- 
siderations. 


> Properties 


Vinyl-chloride polymer and copolymer plastics are 
classed either as rigid or nonrigid materials. Non- 
rigid, elastomeric materials all contain a plasticizer. 
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Property ASTM 
Method 

Hardness, Durometer (Shore A) .......... D-676 
Tensile strength (psi) ...... ; D-412 
Modulus? at 100 per cent inmntien (pal) D-412 
Elongation at break (per cent) .. , - D-412 
Cold-fiex temperature (C) ed ae's D-1043 
Specific gravity . Raweiee D-792 


Typical cost, truckload ‘ =: ee 














Comp ae 
A B Cc D E F 
70 80 90 78 7 88 
1600 2450 2800 2300 1675 1500 
630 1150 1800 1100 800 1450 
430 370 325 365 375 125 
—46 —18 —30 —40§ —20 pees 
1.33 1.39 1.30 1.29 1.41 1.39 
0.28 0.255 0.33 0.395 0.45 1.05 


Applications : A. Gaskets, bumpers; B. Handle grips, toys; Cc. Tubing, | hose, welting; D. 
F. Conductive products such as automotive ignition wire. 


Refrigerator gaskets; 


*Designations of compounds are arbitrary. 
tTenaile stress. 


§Brittle temperature, 45 C (ASTM D-746). 


Nonrigid Compounds: Extrusion and molding com- 
pounds of elastomeric vinyls, Table 1, generally are 
characterized by a low [filler content. This is evi- 
denced by the relatively low specific gravity, par- 
ticularly of compounds A, C, and D. This char- 
acteristic accounts partly for the low cold-flex tem- 
perature property, necessary for products requiring 
continuous flexing in practically all weather condi- 
tions, 

Compound E, used for refrigerator gaskets which 
are often assembled contact with styrene door 
liners, contains a nonmigrating plasticizer. Ordinary 
plasticizers weaken styrene, since they migrate from 
the surface of the vinyl into the styrene. This com- 
pound also has the quality of being free of odor. 

Compound F will carry enough current to light 
a lamp and can be used for RF shielding gaskets 
and as shielding in microphone cables when assisted 
by an imbedded “drain” wire. 

Factors that afford high temperature resistance 
and oil resistance characteristics to ~—_ compounds 
are generally: 1. Type of plasticizer. 2. Low filler 
content. 3. High-quality lead stabilizer. . These char- 
acteristics are particularly important in vinyls used 
as insulating materials, Table 2. 

Compounds K and L, Table 3, partly bridge the 
gap between the rigid and nonrigid groups, but 


Extruded PVC slides for equipment doors and panels 
are corrosion-resistant and easy to maintain. 
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Low-temperature cable jacket; E. 


are basically in the elastomeric or nonrigid class. 
These vinyls are used mainly for wire insulation. 


Rigid Compounds: Characterized generally by 
good dimensional stability and chemical resistance, 
rigid (unplasticized) PVC materials, Table 4, are 
used mainly for pipe and ducting for handling cor- 
rosive liquids and vapors. Compound M is easily 
printed and vacuum-formed and is used for three- 
dimensional maps, advertising displays and packag- 
ing. Another use is in light diffusers for indirect 
lighting fixtures. 

Compound O finds application in high-impact 
pipe in oil fields and chemical and food-processing 
plants. This material, in sheet or tube form, is readily 
cold stamped and formed. Compound N sacrifices 
some impact strength for greater chemical resistance. 


> Environment 


The environment in which a plastic part must 
work is a major consideration in its design. The 
useful life of a vinyl product, like that of other 
plastics, can depend upon exposure to heat, cold, 
weather, or chemicals and solvents. Power or signal 
losses vary in vinyl insulated wires and cables with 
current alternating frequency. 


Temperature: Vinyls are affected by temperature 
changes in several ways, due to their thermoplastic 
nature as well as the plasticizer content of elastomer- 
ic types. Physical properties decline as temperatures 
increase. Distortion under load occurs at about 140 F 
with many rigid PVC products. Elastomerics stretch 
easily at elevated temperatures; burst strength 
hose products is therefore reduced. 

High temperatures volatilize certain plasticizers 
and cause embrittlement. The highest Underwriters’ 
Lab approved rating for vinyl chloride is 105 C. 

Low temperatures have a significant effect on 
flexural stiffness of vinyl compounds, Fig. 1. As 
the plastic stiffens with cold, it embrittles, becoming 
less resistant to impact and bending. Type and 
amount of plasticizer affect this property as does 
concentration of filler. 

Temperature also has an effect on the electrical 
properties of vinyls, Fig. 2. Direct-current volume 
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resistivity, normally measured at 50C, drops ap- 
preciably with small temperature increases. 
Thermal expansion of PVC is greater than that of 
metals with which it may come into contact, The 
coefficient for PVC ranges in the area of 3 x 10° 
in. per in. per deg F, generally 2 to 5 times the 
coefficients of the common metals. Thermal con- 
ductivity is low for most vinyls, about 1 Btu per 
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Fig. 1—Flexural stiffness versus temperature of a 
typical elastomeric vinyl material, compound G. 
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Fig. 2—Resistivity versus temperature curves for elas- 
tomeric vinyl compounds A and H. 
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hr-sq ft-in.-deg F. Adding filler to the compound 
increases this rate markedly. 


Compressive Loads: Another limiting design factor 
with many vinyls, especially elastomeric types, is 


Table 2—Electrical-Grade Insulating Compounds 


Property AST™ ———~ Compound* ——— 
Method G H J 

Hardness, Durometer (Shore A) D-676 80 88 93 
Tensile strength (psi) ........ D-412 2200 2600 2800 
Modulus? at 100 per cent 

elongation (psi) 4 a D-412 1350 1600 2100 
Elongation at break (per cent) D-412 350 310 320 
Cold-flex temperature (C) .. D-1042 —20 20 8 
Brittle temperature (C) ...... D-746 -22 24 14 
Specific gravity ....... : D-792 1.37 1.37 1.38 
Heat aging—elongation retention UL Std 

7 days, 100 C (per cent) .. 80 102 aa 

7 days, 136 C (per cent) 86 
Volume resistivity 

at 50 C (10 ohm-cm) D-257 15 30 7 
Dielectric strength, 1/32-in. wall 

on 14 AWG wire (v per mil) UL Std 800 800 800 
Dielectric constant at 1 ke D-150 5.8 5.2 5.3 
Dissipation factor at 1 ke .... D-150 0.13 0.10 0.12 


Typical cost, truckload 
($ per Ib) .. : aa 0.2525 0.255 0.34 
Rating, UL Class11 T, TW, 90 and 
60 C 60 C oil 105 C 
heat resistant, heat 
resistant 80Cheat resistant 
resistant 


Applications: G. Portable cords, plugs, fixture wire; H. Building 
light and power wire, blanket-heating wire; J. Machine tool, appli- 
ance, radio and TV wire, transformer wire, resistance-heating wire. 





*Designations of compounds are arbitrary. 
tTensile stress. 


Table 3—Semirigid Compounds 


Property ASTM Compound* 
Method K L 

Hardness, Durometer (Shore D) D-676 48 56 
Tensile strength (psi) D-412 3390 3930 


Modulus} at 100 per cent 

elongation (psi) .. ¢ D-412 3080 ea 
Elongation at break (per cent) D-412 255 195 
Specific gravity ‘ ‘ D-792 1.34 1.37 
Heat aging—elongation retention .. UL Std 

7 days, 121 C (per cent) aed 95 
Volume resistivity at 50 C 


(10% ohm-cm) ‘ D-257 100 70 
Dielectric constant at 1 ke D-150 3.7 4.1 
Dissipation factor at 1 ke D-150 0.07 0.06 
Typical cost, truckload ($ per lb). . , 0.35 0.44 
Rating .. aga et . ‘ ? 60 C 80§ and 

wire 105 C 
wire 


*Designations of compounds are arbitrary 
tTensile strength. 
§For thin-walled insulation on business-machine wire 


Table 4—Typical Rigid Compounds 


Property Compound* 
M N oO 
Polyvinyl! 
Chioride- 
Polyvinyl Type I Type ll 
Acetate (Normal (High 


Copolymer Impact) Impact) 


Hardness, Durometer 


(Shore D) pve 80 85 80 
Tensile strength (psi)..... 7,500 8,000 7,000 
Flexural strength (psi) .. 15,000 13,000 11,000 
Compressive strength (psi) 11,000 10,000 9,000 
Izod impact strength 

(ft Ib per in. of notch) 0.5 0.6 16.0 
Deflection temperature 

Ss Oe. ere 145 165 155 
Flammability , Self-extinguishing 
Chemical resistance ...... Good Excellent Very good 


*Designations of compounds are arbitrary. 
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Flexible telephone handset cord, top, is colorful, easy 
to clean, and retains its coiled shape. Color-coding 
is used in distribution cables, both sheathed, center, 
and unsheathed, bottom. Both require maximum 
weather and sunlight resistance. 





compressive deformation, Fig. 3. Tensile, compres- 
sive, bending, and twisting forces tend to distort 
thermoplastic parts. Elastic memory tends to bring 
the pieces back to their original shape if forces are 
not applied for long periods or at high temperatures. 
Since organic plastics are not purely elastic in be- 
havior, as are most metals, they do not recover their 
original form completely. Formulations vary in this 
regard, with plasticizer and filler content as the 
significant modifiers. Unless reinforced, thermoplas- 
tics are seldom recommended as permanent load- 
bearing members. 


Current Frequency: The dielectric constant and 
loss factor of vinyl insulating materials are affected 
by ac frequency as shown in Fig. 4 and 5. Formula- 
tion can change the peaking frequency. Compound 
H, Fig. 5, contains some clay filler, compound A 
does not, although both contain calcium carbonate 
filler. The type and amount of plasticizer affects the 
height of the peak, 


Ultraviolet Light: Gradual degradation in most 
vinyl chlorides is caused by ultraviolet light through 
oxidation and similar reactions. However, stabilizer 
and pigment systems are available that have maxi- 
mum screening power and ability to inhibit yellow- 
ing. Telephone companies use vinyl-coated wiring 
for long-distance rural communications, planning 
for up to 20 years’ service, 


Chemicals: Vinyl chloride resin itself is extremely 
chemical resistant. Plasticizers vary in this respect, 
but generally, vinyl chloride compounds have very 
good resistance to water, salt-water spray, ozone, 
oxygen, detergents, oils, greases, alcohols and many 
other solvents, acids, and caustic solutions. Vinyls 
are not generally recommended for frequent or pro- 
longed contact with gasoline or aromatic solvents. 


Flame: Generally, the chlorine content of vinyl 
resins makes most vinyl compounds self-extinguish- 
ing. Antimony oxides, or selected plasticizers such 
as phosphate esters, are often used to give the com- 
pounds an added measure of flame-proofing. 


Fungus: When required, fungus resistance can be 
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Fig. 3 — Compres- 
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Fig. 4—Dielectric constant versus ac frequency for 
elastomeric compounds A and H. 
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Fig. 5—Loss factor versus ac frequency for plasti- 
cized vinyl compounds A and H. 


built into vinyl compounds through plasticizer selec- 
tion and through addition of fungicides. 


Migration: Tendencies of plasticizers from vinyl 
compounds to migrate to adjacent surfaces such as 
lacquer, varnish, or styrene plastic must be con- 
sidered for certain applications. When direct contact 
under pressure with such sensitive materials is con- 
templated, special compounds are required. 


Next Article discusses the various forms of vinyl 
and their applications. 
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Chart gives quick estimate of 
relationships among 


Acceleration 
Velocity 
Distance 
Time 


Vv. F. DeYOST 

Environmental Simulation Div 

U. S. Naval Ordnance Laboratory 
White Oak, Silver Spring, Md 


STIMATES of velocity, displacement, and time at constant acceleration 
kK of powered vehicles or free-falling bodies are frequently required. The 

accompanying chart gives a “quick-look” answer by providing approxi- 
mate solutions for the equations, 


| 2d 
t 
a 

and 

v V 2ad 
where ft time, sec; d distance, ft; a acceleration, ft per sec*; v 
velocity, fps. For convenience, on the chart, acceleration is shown in terms 
of gravity units, g 32.2 ft per sec*; time in milliseconds (0.001 sec) 


and distance in both feet and inches. 


Example |: A vehicle is accelerated at 10g through a distance of 1000 ft. 
What is the velocity at the end of travel, and the time required to travel the 
1000 ft? 


SoLuTION: Locate the intersection of acceleration 10g with distance 
1000 ft. The lines of constant velocity and time through this point are the 
solution: v = 800 fps and t = 2500 msec or 2.5 sec. 


Example 2: An object dropped from a height of 150 in. is stopped in a 
soft medium over a distance of 2 in. What is the velocity at impact and the 
average deceleration? 

Sotution: Locate the intersection of the 150-in. distance line and the lg 
acceleration line. On the velocity scale, v = 28 fps. Draw the 28-fps velocity 
line. At the intersection of this line and 2-in. distance line read a 75g. 
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Fig. 1—Chart for determining velocity, distance, and 
time relationships at constant acceleration. 
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. Modular Design for Mechanized Assembly 
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A. ARNOLD LAWSON 
Consulting Project Engineer 
Melpar Inc. 

Falls Church, Va. 


Fig. 1—Typical electronic modules. 


MODULES are thought of as building blocks 

which permit interchangeability, replaceability, 
and general usage in more than one end product. 
Two considerations are predominant: Components 
of modules should be designed for automatic pro- 
duction, and modules themselves should be designed 
for mechanized assembly. 


Design of Modular Components 


Development of modules depends on extensive use 
of standardization techniques. Standardization can 
simplify manufacturing operations, and may permit 
the use of identical tooling and assembling equip- 
ment. In modular design, the application of standard- 
ization is basically associated with the components 
within the module and to the base which receives 
them. In electronic modules, the base is often a 
printed foil-clad board and the components are re- 
sistors, capacitors, diodes, and transistors, Fig. 1. 

The components vary in size and number accord- 
ing to module functions. It is frequently appropriate 
to perform several electronic functions with one 
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module. When the module performs a mechanical 
function, basic design considerations are the same 
as for electronic equipment. 

A grid to locate components eliminates the use 
of conventional dimensions and tolerances, Fig. 2. The 
grid influences the design of components to be 
mounted on the base. If two or more holes are needed 
to retain a component, the grid controls both location 
and orientation. The grid makes it necessary to use 
a standardized design procedure in locating com- 
ponents. Rather than stifle the ingenuity of the en- 
gineer, this kind of standardization simplifies the 
design process. 

Components which are to become a part of the 
modular assembly need special consideration. Where 
mechanized assembly is an objective, components 
must be stored in magazines, hoppers, reels or other 
suitable means. These components must have config- 
urations that permit complete control from storage to 
final assembly. When components, such as resistors 
and capacitors, have axial leads, their configuration 
makes them quite suitable for mechanized assembly. 
They can be magazined, or taped, and can be re- 
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Fig. 2 (Above)—Graphic specification of component loca 
tions on circuit board grid 


Fig. 3 (Right)—Methods of component feeding. 


liably controlled in machine operation. 

Standardized grids and proper component designs 
compel the design engineer to build experimental 
and preproduction units in conformity with actual 
production techniques. As a result, design must be 
based on a thorough understanding of the production 
and assembly operations involved. 


Principles of Mechanized Assembly 


A typical mechanized assembling system can be con- 
sidered the equivalent of five basic units: 1. Com- 
ponent feeding unit. 2. Positioning unit. 3. Assembling 
unit. 4. Power unit. 5. Control unit 


Component feeding unit has two functions: It 
stores components, and it brings them to the assem- 
bling position. Some typical methods of component 
feeding are illustrated in Fig. 3. Although many 
component hoppers are commercially available, they 
often must be designed to meet special requirements 
of unique components. Among the simplest types of 
components to store and handle are those which are 
punched and formed but remain on the strip of ma- 
terial from which they were made. 

In the assembly of electronic modules, components 
must be selected from a number of storage units 
and then fed into the machine by a common carrier. 
An air track has functioned successfully for this 
purpose, Air jets bring the components to the as- 
sembly position very rapidly. Belts and chains are 
also used to transport components to the assembling 
position. 

Proper orientation of the component at the assem- 
bly position can be one of the most difficult problems 
in component handling, particularly if the com- 
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ponent is small and fragile. The solution must make 
use of simple and reliable mechanisms. 


Positioning Unit performs two functions: It locates 
the component with reference to the assembling or 
operation tool, and it picks up a new assembly base 
from the storage hopper, simultaneously ejecting the 
previous base. 

Planning the positions of module components on 
printed board of base plates begins after the smallest 
and largest base elements have been determined. All 
possible positions of components should be deter- 
mined. Many manufacturers are presently producing 
components so that the leads and fastening means 
are spaced to utilize a standard 0.10-in. grid, or mul- 
tiples thereof, Fig. 2. 


Assembling Unit does not need to be exclusively 
an assembling machine. Its function may be punch- 
ing, forming, cutting, embossing, or any other con- 
ventional operation. Some machines mechanically 
feed strip material from reels. As a general rule, 
preferred practice is to avoid a combination of op- 
erations. 


Power Unit usually consists of air-reduction valves 
and filters. Air as an actuating means has proven 
highly successful for this type of equipment. An 
air-pressure supply of 90 to 110 psi is recommended 
because it is generally available. 


Control Unit can be set-up to use a program read- 
er anc a keyboard to manually select components 
and component positions. It can also have switches 
for power, heat, automatic, manual, start and stop. 
Such a unit can be built into the assembling equip- 


Macuine Desicn 








hyt 


“ate 


Snap-Tite valved couplings stop flow instantly” 


Snap-Tite provides instant shut-off wherever fluid coupling is needed. 


Snap-Tite valved couplings connect and disconnect quickly and fully—they auto- 
matically open line flow when connected; positively seal your line when discon- 
nected—with no “ifs,” no chance for human error. 

Snap-Tite couplings are available in sizes from 14” to 6” ID, in steel, brass, alumi- 
num, 303 ss and 316 ss. Sizes from 6” to 10” ID are available on spec ial order. For 
more information, write for Snap-Tite catalog 58. Snap-Tite representatives are 


located in all principal cities. 


SNAP-TITE COUPLINGS CAN HANDLE ALMOST ANYTHING THAT FLOWS 


Built to handle high pressure 
hydraulic and pneumatic systems 
UNION CITY 11, PA. 


ST-59-01 
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Happy 75th anniversary, Minneapolis-Honeywell! 


' 


Minneapolis —Honeywell 
Regulator Company 


To 75" year 






A small company used its first thermostat as a part of the 
“damper flapper'’—a control unit which operated the damper 
on a coal fired furnace. Thus, automatic heating was born 
in 1885. 


The company became known as Minneapolis-Honeywell and 
for 75 years has been recognized as a leader in the develop- 
ment of thermostats and heating controls. The famous clock 
thermostat (""A"’ above) appeared in 1906. It featured a big, 
brassy, eight-day clock. A far cry from this original master- 
piece is Minneapolis-Honeywell’s modern, precision built and 
attractive electric clock thermostat ("B"’ above). This newest 
clock thermostat automatically adjusts room temperature to 
the living schedule—constant warm temperature by day, cooler 
room temperature by night. 


The actuating elements in Minneapolis-Honeywell’s new ther- 
mostats—both the electric clock model and the revolutionary 
round thermostat ("'C’’ above)—are made of Chace Thermo- 
static Bimetal. Chace has been supplying Minneapolis-Honey- 
well with precision thermostatic bimetal since 1925 . . . a long 
and productive relationship, indeed. 


We, at Chace, are proud that we have been contributors over 
the years to the success of such a great company. 


W. M. CHACE CO. 


Thermostatic Bimetal 


1616 BEARD AVE., DETROIT 9, MICH. 
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ment, or it can be a separate unit, 
and it can control more than one 
equipment. An advantage of elec- 
tronic control is the ability to pro- 
gram for a large variety of work. 

There are several ways of storing 
information: Punched cards, 
punched endless tape, and magnetic 
tape. In a punched card, for exam- 
ple, various combinations of 
punched holes create signals for grid 
positions and components. The last 
signal from the card recycles the 
whole operation. Activities within 
the machine cycle can be protected 
by interlock switches to prevent re- 
peating and jamming. Mechanized 
assembly equipment is not neces- 
sarily limited to long runs. Punch- 
card control for short runs becomes 
feasible when there is an appreciable 
cost savings at changeover. 

ASME Paper No. 60-MD-11, “The Con- 
cept of Modular Design for Mechanized 
Assembly,” presented at the Design Engi- 


neering Conference and Show, New York, 
May, 1960, 7 pp. 
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Co-ordinate 
Filing System 


A. F. GLIMN, ond R. D. GREENWAY, General 
Electric Co. 


ASIC principles of co-ordinate 

indexing are combined with the 
advantages of generic classification. 
Indexing techniques and computer 
programs are designed to retrieve 
only the information actually re- 
quired by the user. 

Fundamentally, a classification 
system is based on the philosophy 
that all information can be parti- 
tioned into mutually exclusive class- 
es and sub-classes. But this prac- 
tice has definite disadvantages: First, 
the hierarchy of classes which seems 
desirable for certain users might be 
unsatisfactory for others. Second, 
regardless of the hierarchy used, all 
classification schemes consist of a 
limited number of classes or access 
points. This is to say that the in- 
dex has a restricted vocabulary. 

It is not possible to solve the re- 
stricted vocabulary problem by ex- 
tending the number of classes and 
sub-classes ad infinitum. As the 
number of classes is increased, the 
problem of matching a document 
to a particular class becomes more 


Macuine Desicn 





a 2 i i a ae 


yay =e A KH wm, 


eS 
le 


ri- 
ed 
Zi- 


rk, 








DESIGN ABSTRACTS 





complex. This is due to the fact 
that true mutual exclusiveness never 
exists in practice. 

Requirements of storage and re- 
trieval systems that could not be 
satisfied with classification tech- 
niques have led to investigation of 
other approaches. As a result, there 
has been an increasing trend toward 
the development of co-ordinate in- 
dexing techniques. 

Co-ordinate indexing is based on 
the fact that subject matter in docu- 
ments can be represented by de- 
scriptive terms, often called key- 
words, which identify the document. 
New keywords are added when 
necessary. Documents are filed 
chronologically according to acces- 
sion number. 

During the early stages of op- 
eration any co-ordinate index sys- 
tem will contain more keywords 
than documents. After a time, a 
cross-over point is reached, and 
eventually, keywords rarely need be 
added. There are no categories in 
a co-ordinate index so the indexer 
is relieved of making the decision 
concerning which category is the 
“best.” 

Simple co-ordinate indexing sys- 
tems are not suitable for searching 
on a fine level of detail. This is 
due to the fact that no distinction 
is made between words in and out 
of context. 

In an “enriched” co-ordinate sys- 
tem, the indexer prepares a record 
of words and groups of words tak- 
en from the text. Any implied in- 
formation which is deemed neces- 
sary to the index may be added par- 
enthetically. A “header,” which 
includes information about the en- 
tire document such as title, author, 
source, and date, is added. Any 
generic information applying to the 
entire document is also added as 
part of the header. The generic 
information enables searches in 
broad subject categories. The head- 
er and all indexed words (the body) 
for a particular document form a 
unit record. The body of the unit 
record is subdivided into broad 
topics. Thus, a search can be made 
for information denoted by the in- 
tersection of terms within a topic. 

Each word in the unit record is 
assigned a class indicator called the 
“prefix.” Approximately 100 pre- 
fixes are sufficient to prevent am- 
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When the heat is really “on” and ordinary graphite and even 
exotic metals fail, the new Stackpole 741 Graphite may well be 
your answer! Even surpassing Stackpole’s famous 469 grade in 
oxidation resistance, Grade 741 paves the way for significant 
improvements in seals and bearings for jet engines and other 
high temperature applications. 

Thanks to a new break-through in chemical processing, Stack- 
pole Grade 741 operates reliably in the 1000° to 1200°F range 
and below. The material has a low coefficient of friction . . . 
exhibits very little wear even at maximum temperatures. And it 
retains graphite’s inherently excellent self-lubricating properties. 

741 High-Temperature Graphite is just one of numerous 
highly specialized carbon and graphite materials developed by 
Stackpole for difficult mechanical applications. To learn 
more about their economy and performance advantages, why 
not submit details of your applications to Stackpole for 
recommendation? STACKPOLE CARBON CO., St. Marys, Pa. 





GRAPHITE 


FIXED COMPOSITION RESISTORS * AND HUNDREDS OF RELATED PRODUCTS 
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BEARINGS & SEAL RINGS FOR 1200°F 


CERAMAG® FERROMAGNETIC CORES «¢ SLIDE & SNAP SWITCHES © VARIABLE COMPOSITION 
RESISTORS © FIXED COMPOSITION CAPACITORS ¢ BRUSHES FOR ALL ROTATING ELECTRICAL 
ELECTRICAL CONTACTS © GRAPHITE BEARINGS & SEAL RINGS e COLDITE 70+ 
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ALUMINUM 


evalvote today 


Progress tomorrow 
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PERMANENT MOLD 
CASTINGS 


The method of casting that assures density, 
homogeneous structure, with surfaces that take 
a high finish. Illustrated castings indicate how 
other metals are cast with aluminum to meet 
specific performances. For more ideas and rec- 
ommended applications, write for new brochure. 
Our permanent mold engineers will be happy to 
work with you. 





Exalo. MANUFACTURING CO. 


46 SHELDON ROAD * BEREA, OHIO * BEREA 4-2091 
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biguity and loss of information due 
to a word being removed from con- 
text. 

Some of the indexed words are 
provided with “descriptor links” 
and “role indicators” as well as 
prefixes. These links and role in- 
dicators preserve syntactical rela- 
tionships which a human being will 
infer from context but which a ma- 
chine will not recognize. Role in- 
dicators are used to distinguish be- 
tween the subject and object of a 
phrase or denote a word which is 
used as a modifier. 

A computer which manipulates 
the system performs three basic 
functions: Storage, retrieval, and 
system growth. The basic unit of 
information in the system is a term 
which may be any combination of 
alphabetic or numeric characters. 
The system has the capability to 
associate up to three attachments 
with each word, so that a term may 
consist of keyword, prefix, role, and 
link. 

Specification of retrieval criteria 
may be at many levels. One or 
more terms must be specified, but 
the complete specification of all 
characters of a term is not neces- 
sary because a universal match— 
or “don’t care”—character is avail- 


able. 


AIEE Paper No. CP 60-807, “Informa 
tion Storage and Retrieval—Part 1. Dogs 
Cats, and Indexing,” presented at the AIEE 
Summer General Meeting, Atlantic City, 
N. ]., June. 1960, 10 pp 


processes 


Theory and Application 

of the Plasma Arc 

R. M. Gage, assistant manager of de 

velopment, Electric Welding, Develop- 

ment Laboratory, Linde Co 
Plasma arc torches produce an arc 
plasma flame which has two advan- 
tages over conventional chernical 
flames of torches operating on oxy- 
gen and a fuel gas: 1. The tempera- 
ture of -arc plasma flames can be 
many times greater. 2. The gas of 
arc plasma flames is of a selective 
and controlled composition. 

The plasma arc can cut up to 
3 in. thick aluminum plate, stain- 
less steel, copper, magnesium, and 
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FEATURED IN CONTROL SYSTEMS OF MISSILE PROGRAM! 


New BLOW 





gts 


Model P 8622-12 © 
Pipe Tap 14"—114" 
Capacity 125 G. P. M. 


Model P 8622-02 
Pipe Tap %"—%" 
Capacity 6 G. P.M. 


3000 P.S.|. : Sub-Plate Mounted 


Rivett Hydraulic Flow Control Valves 
are now being introduced to the trade 
after four years of thorough field testing 
in advanced applications for both govern- 
ment and industry. These valves may be 
used as ordinary ‘‘meter in,”’ ““meter out,”’ 
or “‘bleed off” types of compensated flow 
control valves by keeping the bypass port 
plugged in the subplate, and piping the 
“inlet”? and ‘“‘outlet’’ ports as desired. 
This usage means excess oil is spilled over 
a relief valve so pump is always at full 
horsepower. 


RIVETT, INC. 
Dept. MD-8, Brighton 35, Boston, Mass. 
The Better You Know Hydraulics — The Better You Like> 
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Pipe Tap {%"—1”" 
Capacity 30 G. P. M. 


Model P 8622-03 
Pipe Tap %"—1,” 
Capacity 16 G. P.M. 


On some meter-in circuits, with the “by- 
pass’’ port piped to tank, the ‘“‘inlet”’ and 
“outlet”’ can be piped as above, but any 
excess oil fed to the valve will flow to 
tank. As long as the fluid motor or cylin- 
der is working at less pressure than sys- 
tem relief valve setting, the Rivett 3- 
port flow control will maintain oil flow 
to the work as set, the bypass port will 
flow excess oil to tank at the work pres- 
sure, and therefore the pump is using 
horsepower only at the rate determined 
by work requirements. 


Circle 483 on Page 19 








Model P 8622-06 











CONTROL VALVES 


pressure compensated 






FEATURES 
1 


Knife edge orifice 
positively assures 
consistently uniform 
low flow; and mini- 
mizes change of flow 
when change of fluid 
temperature occurs. 


2 


No drain connection 
required because 
special pressure 
balanced Teflon 
seals are used, 


3 


Maximum flow ca- 
pacities up to 125 
G.P.M. in 1%” size 
are standard. 


4 
Valves are usable as 
two port and three 
port models. 


5 
Vernier knob has 
provision for safety 
lock wiring. 


6 


Valves are available 
with return free-flow 
check, 
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DURA LIP SEAL 


For use with Dura Seal 
to control liquid injection 
in stuffing boxes 


FOR HANDLING ABRASIVE 
FLUIDS AND SLURRIES 


DURA LIP SEAL provides a flow control for liquid injection 






DURA 
LIP SEAL 
Composed of two parts: 
Left, Teflon lip sealing 
ring; Right, split expan- 
sion Collar for retain- 
ing lip sealing ring in 
operating position. 


in stuffing boxes. Its purpose is to prevent abrasives in the process 


fluid from interfering with the function of the Dura Seal. A split 
Collar is expanded firmly against the stuffing box bore retaining 
a Teflon lip sealing ring that regulates the amount of dilution. 
FOR MORE INFORMATION, WRITE FOR BULLETIN NO. 491-MD 





DURAMETALLIC CORPORATION 


KALAMAZOO, 


MICHIGAN 
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Here is a fast, dependable, 
low cost, quality minded 
source of supply for JOB- 
DESIGNED fasteners of all 
types, in any metal, to fit your 
own assembly problem. Assembly costs 
are a very major part of manufacturing 
expense. Most of this is labor. The fast- 
ening medium itself is usually a mini- 
mum item. If a Job-Designed fastener 
makes assembly simpler and faster, 

its the use of fewer fasteners, 
allows the designer functional freedom 
and impreves product efficiency, yours 
is a specifying job well done. All these 
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Job-Designed Fasteners for Every Industry 














SSN 


possibilities are available when you come 
to Hassall for design assistance and 
quotation on challenging, difficult or un- 
usual rivets, threaded nails, drive screws 
and other cold headed parts. Short or 
long runs, pilot quantities, engineering 
counsel, over 100 years of intimate as- 
sociation with cold heading—and a deep 
appreciation for the concept of value 
analysis — all are part of the Hassall 
service to you. 
Send for a copy of our tatest catalog. 


JOHN HASSALL, INC. 


MANUFACTURERS SINCE 1890 
?.0. BOX 2197 « WESTBURY, LONG ISLAND, N. Y. 
L hamemedl 
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many other metals. Plasma arc cut- 
ting is at least 10 times faster than 
the methods replaced. The quality 
of cut surfaces produced by the 
plasma arc is high and equal to 
that produced in the oxygen cut- 
ting of mild steel. 

Plasma arc plating process makes 
possible fast and accurate mass 
production of parts from ultra-high 
melting point materials. The hot 
gas stream in the torch can melt 
and accelerate, to high velocity, 
particles of any known solid in- 
organic material which will melt 
without decomposition. When these 
molten particles strike the work 
piece, they impact to form a dense 
high-purity coating. 

Structures are made by depositing 
the coating material onto a brass 
mandrel machined to the desired 
shape and then removing the 
mandrel. Many complex geometric 
shapes can be made from hard-to- 
fabricate refractory metals. Surface 
coatings can be deposited on almost 
any base material including graph- 
ite, brass, molybdenum, aluminum, 
and _ plastics. 


SAE Paper No. T4l, “Theory and Ap- 
plication of the Plasma Arc,” presented 
at the SAE National Aeronautic Meeting, 
New York, April, 1960, 4 pp. 


hydraulic 


Creep Failure Time 

For Pressure Vessels 

F. P. J]. Rimrott, assistant Professor, 

Dept. of Mechanical Engineering, Uni- 

versity of Toronto, Earl J. Mills, Prin- 

cipal Mechanical Engineer, Battelle 

Memorial Institute, and Joseph Marin, 

Professor and Head, Dept. of Engineer- 

ing Mechanics, Pennsylvania State Uni- 

versity 
Creep-failure time for thin, thick, 
and very thick-walled cylindrical 
vessels of circular cross section with 
closed ends subjected to constant in- 
ternal pressure. 

When a pressure vessel is sub- 
jected to internal pressure, and is 
made from a material which ex- 
hibits creep, the vessel will expand. 
If the internal pressure is held con- 
stant during expansion, the load on 
the wall will increase. At the same 
time, the thickness of the wall de- 
creases. The result of these two 
simultaneous effects is that the ex- 
pansion of the vessel is continuously 
accelerated until the wall thickness 
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has decreased and the load increased 
to such an extent that the strength 
of the material is no longer suf- 
ficient and fracture of the vessel 
occurs. 

Theoretical time-to-fracture in the 
case of simple tensile creep is in 
good agreement with experimental 
results. The basis of approach is to 
use true stress and true strain. The 
creep-failure time is then defined as 
the time at which the true strain 
reaches infinity. The present paper 
extends the foregoing concept to the 
problem of combined stresses, 

ASME Paper No. 60-APM-7, “Predic- 
tion of Creep Failure Time for Pressure 
Vessels,” presented at the Summer Confer- 


ence of the ASME Applied Mechanics Div., 
University Park, Pa., June, 1960, 6 pp. 


meterials 


Structural Alloys under 

Rapid Heating and Loading 

]. R. Kattus, head, Metallurgy Div., 

Southern Research Institute, and D. W. 

McDowell Jr., metallurgist, Develop- 

ment and Research Div., International 

Nickel Co. 

Rapid tensile and short-time creep 
properties for three commercial 
stainless steel sheet materials, three 
commercial nickel-base sheet alloys, 
and one experimental stainless steel 
which had been cold rolled at 
—105F. Specimens were heated to 
test temperatures up to 2000 F with- 
in 30 sec. 

The load-carrying capacity of all 
the alloys increases with decreasing 
exposure times from 30 min to | 
sec at temperature under load. 

High-strength stainless steels are 
stronger than the nickel alloys at 
the lower temperatures, but the 
nickel alloys retain useful load-car- 
rying capacity to higher tempera- 
tures than the stainless steels do. 
Short-time creep strengths of the 
nickel alloys in the range 1400 to 
1800 F are roughly equivalent to 
those of the stainless steels in the 
range 1000 to 1400 F. 

Type 304 stainless steel had been 
cold rolled at —105F to achieve a 
yield strength exceeding 350,000 psi 
at room temperature. At tempera- 
tures up to 1200F, it had higher 
tensile strength than any com- 
mercial grade of stainless steel. 


ASTM Paper No. 71, “Strength of Struc- 
tural Alloys under Rapid Heating and 
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Blaw-Knox Company, Aetna-Standard Division's sheet piler at a large eastern steel plant. 


An “Air Cushion” Created by 
SPENCER Blowers 


Solved this Designer’s problem 


Designing this sheet piler—which handles cold rolled sheets 
on the world’s highest tonnage shearing line—posed many prob- 
lems. A particularly tough one: how to handle piling of the 
sheared sheets. 

The designer’s imaginative and practical solution: an “air 
cushion” created by Spencer blowers. Sheared sheets “float” 
down into position. Surface scratching is kept at a minimum 
... production is speeded. 

Possibly Spencer blowers (or vacuum producers) can help 
solve your difficult design problem. We invite your inquiry—at 
no obligation. 


Standard Capacities of Spencer Blowers 


1/3 H.P. to 1,000 H.P. 
Up to 20,000 C.F.M. 
4 oz. to 10 Ibs. pressure 






Request Catalog 126B 
containing complete information 
on Spencer blowers. 
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TURBINE COMPANY 





HARTFORD 6 CONNECTICUT 
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This 102 page volume 
includes practical data on: 


e Measuring company needs 
in new-product development 


Developing and finding new-product ideas 


Organizing engineering and research for product development 


Measuring progress in product performance 


* Evaluating new-product potentials 


This collection of 17 helpful articles details 
the necessary steps to the development and 
engineering of new products. Written by 
Dr. Philip Marvin, well-known market 
consultant, this book is “required reading” 
for every engineer responsible for the de- 
velopment of new rine: ee ideas or the op- 
eration of a research program. 


Reader Service. Penton Building Cleveland 13, Ohio 
(Remittance or Company Purchase Order must be enclosed with order.) 


Send me _____ copies of 


Planning New Products @ $3.00 each A 





COMPANY pouianticlaien — 








MACHINE 


ADDRESS _ 





REPRINT 


city ZONE STATE 
(Add 3% to orders for delivery io Ohio to cover State Soles Tox.) 











4—MAIL TODAY 




















DESIGN ABSTRACTS 





Loading,” presented at the Sixty-third 
Annual meeting of the Society, June-July, 
1960, 12 pp. 


Fusion-Bond Coatings 
For Plastic-Cladding Metals 


W. R. Pascoe, technical service man- 

ager, Whirlclad Div., The Polymer 

Corp. 
Description and advantages of a new 
fluidized plastic coating process. A 
preheated object is dipped into a bed 
of finely divided, dry, fluidized pow- 
ders which melt and fuse on heated 
surfaces to form a continuous film. 

It is possible to apply a controlled 
uniform thickness of coating, with- 
out the use of solvents, from 5 to 50 
mils, in a single dip. It is not nec- 
essary to apply multiple coats to ob- 
tain suitable film thickness. Since 
dry plastic powder becomes molten 
only briefly, uniformity of coating 
is a characteristic of the process even 
over sharp edges. Solvent resistant 
plastics can be applied: Nylon, poly- 
ethylene, chlorinated polyethers, and 
fluorocarbons. Smooth finishes can 
be obtained on relatively rough 
surfaces without extensive substrate 
preparation. The coatings can be 
machined to close tolerances. The 
process is adaptable for automatic 
processing of parts in large volume. 

Techniques are available for ap- 
plying fusion bond finishes to a 
wide variety of substrates with the 
same equipment system. 

SAE Paper No. 180D, “Fusion Bond 
Coatings—A New Technique for Plastic 


Cladding Metal,’ presented at the SAE 
Summer Meeting, Chicago, IIl., June, 1960, 


7 pp. 


TO OBTAIN COPIES of papers or arti- 
cles abstracted here, write directly to the 
following organizations: 


AIEE—American Institute of Electrical 
Engineers, 33 West 39th St., New York 
18, N. Y.; papers 50 cents to members, one 
dollar to nonmembers. 


ASME—American Society of Mechanical 
Engineers, 29 West 39th St., New York 
18, N. Y., papers 40 cents to members, 
80 cents to nonmembers. 


ASTM—American Society for Testing Ma- 
terials, 1916 Race St., Philadelphia 3, Pa. 


SAE—Society of Automotive Engineers, 485 
Lexington Ave., New York 17, N. Y.; 
papers 50 cents to members, 75 cents to 
nonmembers. 
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of these 
CAN IMPROVE YOUR 
PRODUCT... 






SIX 


MACLEAN-FOGG 


LOCK NUTS 













A free starter with lock at the top. 
Withstands severe vibrations. 
Cuts assembly time. 


MF UNI-TORQUE 





The Lock’s in the center of nut. 
Can be applied from either end. 





MF TWO-WAY Permits boit end to be flush with, 
) © or below, top of nut. 

MF OPEN END Has two-way center-of-nut lock. 

CAP NUT Used on furniture, appliances, 


toys, lawn mowers, tools, etc. 








Combination lock nut and washer. 
Use on oversized holes; where 
extra bearing surface is needed. 





MF UNI-TORQUE 
FLANGE NUT 





This one spins on. Serrations take 
a firm grip on work. Break loose 
torque higher than seated torque. 


MF “WHIZ-LOCK”: 
FLANGE NUT 








You can have it with or without 
lock. Simplifies assemblies by 
means of self-locating pilot. 


MF PILOT TYPE 
WELD ‘UT 
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Adhesives, Coatings, Sealers 


Catalog contains information on oil- 
soluble and oil-resistant elastomers, struc- 
tural adhesives, coatings, and sealers. 
General characteristics and methods of 
application are included, as well as typ- 
ical applications. Section on design con- 
cepts is provided for each product. 12 
pages. Minnesota Mining & Mfg. Co., 
Adhesives, Coatings, and Sealers Div., 
900 Bush Ave., St. Paul, Minn. 


Circle 601 on Page 19 


Small Servo Motor 


Model 8 SM 461 Size-8 servo motor is 
presented in new data sheet. Sheet lists 
features of the motor, shows dimensional 
outline drawings and torque-speed curves 
for the unit. In addition, construction 
features are delineated, and all principal 
electrical and mechanical characteristics 
are provided. 4 pages. Beckman Instru- 
ments Inc., Helipot Div., 2500 Fullerton 
Rd., Fullerton, Calif. 

Circle 602 on Page 19 


Recording Oscillograph 


Type 5-123 recording oscillograph is il- 
lustrated in Bulletin 1623. Rack-mounting 
oscillograph is designed for maximum re- 
liability, flexibility, ease of installation, 
operation, and maintenance. It provides 
visible records up to 60 times faster than 
any other print-out process. Bulletin pic- 
tures and describes each module in the 
unit, and list of specifications is included. 
8 pages. Consolidated Electrodynamics 
Corp., 360 Sierra Madre Villa, Pasadena, 
Calif. 

Circle 603 on Page 19 


Switches and Thermostats 


Twenty representative Klixon precision- 
switch packages and twenty thermostat 
packages are shown in photographs and 
dimensional drawings in two new techni- 
cal bulletins, designated PRSW-10 and 
THSN-26A, respectively. Typical config- 
urations illustrate packaging facility in the 
design and production of custom switch 
actuators, custom temperature controls, 
and special-design configurations to meet 
special application needs. 8 pages. Texas 
Instruments Inc., Metals & Controls Div., 
Spencer Products Group, 34 Forest St., 
Attleboro, Mass. 

Circle 604 on Page 19 


Silicones in Appliance Design 


How silicones aid appliance design, per- 
formance, and manufacture is the subject 
of Brochure 1-116. “Extra Edge for Extra 
Sales” describes practically all known ap- 
pliance uses for silicone rubber, paints, 
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fluids, lubricants, and electrical insulation. 
It includes photographs, tables, and 
graphs to illustrate how silicones aid in 
providing long, maintenance-free service 
by improving mechanical dependability 
and electrical reliability. 8 pages. Dow 
Corning Corp., Midland, Mich. 

Circle 605 on Page 19 


Sequence Programmer 


Bulletin 360 describes MSP-1 sequence 
programmer, used for precise timing and 
cycling of automatic work operations with 
air or electricity. Photograph and line 
drawings are provided, as well as a list 
of construction features. Information on 
cams and accessories is also furnished. 
Clippard Instrument Laboratory Inc., 7390 
Colerain Rd., Cincinnati 39, Ohio. 

Circle 606 on Page 19 


Seamless Strip-Tubing 


Strubing, a new seamless light-wall tube 
produced in most metals, is described in 
two-color, pocket-size brochure. Material 
is processed in strip form and rolled up 
for compact shipment. Brochure, which 
outlines the economies of packing, ship- 
ping, and storing of the tubing, explains 
how mechanical techniques are used to 
expand the strip into tubular form, the 
alloys which are presently being worked 
on, method of fabrication, and size range. 
8 pages. Calumet & Hecla Inc., Wolverine 
Tube Div., 17200 Southfield Rd., Allen 
Park, Mich. 

Circle 607 on Page 19 


AC Motors 


Line of small ac_ special-application 
motors, offering 16 horsepower ratings 
from 1/100 to 1/3 hp, is described in 
Bulletin 445. Bulletin lists construction 
features, ratings, and dimensions of 32 
specific models. Different models result 
from a choice of four frame sizes, three 
types of mounting, three pole speeds, and 
four types of motor design. Tables list 
all specifications. 8 pages. Robbins & 
Myers Inc., Fractional Horsepower Motor 
Div., Springfield, Ohio. 

Circle 608 on Page 19 


Molded Coil Bobbins 


Precision-molded coil bobbins available 
from stock and to specification are de- 
scribed in Bulletin 3003. It offers detailed 
information on the engineering proper- 
ties of thermoplastics used—nylon, Delrin, 
Kel-F, and Genetron—to help select the 
best material for a particular application. 
Table on the electrical characteristics of 
nylon is included. Cut-away drawing 
shows design features of the bobbins. 2 


pages. Gries Reproducer Corp., 400 Beech- 
wood Ave., New Rochelle, N. Y. 
Circle 609 on Page 19 


Coatings Selector 


New selector is a guide to the selection 
of specialty coatings available for appli- 
cation on plastics, metals, glass, and wood. 
Charts, which can be mounted for ready 
reference, show the uses and characteris- 
tics of spray, dip, and flow-coating ma- 
terials, vacuum-metallizing coatings, and 
standard plastisol formulations. Bee Chem- 
ical Co., Lansing, Il. 

Circle 610 on Page 19 


Clutches and Differentials 


Pocket-size Catalog 63 presents com- 
plete line of magnetic clutches and pre- 
cision differentials. Line drawings and 
all specifications are provided for each 
of the various units. 50 pages. Sterling 
Precision Corp., Instrument Div., 5 Sint- 
sink Drive E., Port Washington, L. L, 
Ls Mie 

Circle 611 on Page 19 


Power Transmission 


Bulletin 23103 lists information on 
mechanical power-transmission equipment 
including bearings, bushings, flexible 
couplings, motor bases, pulleys, rigid 
couplings, timing-belt drives, adjustable- 
speed drives, and V-belt drives. All units 
are pictured and described, with size in- 
formation provided. 8 pages. T. B. 
Wood’s Sons Co., Chambersburg, Pa. 

Circle 612 on Page 19 


Fabrication of Teflon 


Bulletin SM-100, “Custom and Stand- 
ard Fabrication of Teflon,” provides many 
photographs of fabricated Teflon parts. 
Chart lists mechanical properties of 
molded Teflon TFE resins used. 6 pages. 
Sparta Mfg. Co., Dover, Ohio. 


Circle 613 on Page 19 
Industrial Clamps 


Revised Catalog 1-103 offers extensive 
information on clamps for hose, plastic 
pipe, and varied industrial applications. 
Variety of clamps available is shown in 
photographs and detailed dimensional 
drawings. Helpful information includes 
construction details and specific recom- 
mended uses. Comprehensive statistical 
data on minimum and maximum clamp 
diameters, hose diameters, band and screw 
lengths, where applicable, are listed in 
tabular form. 4 pages. Ideal Corp., 435 
Liberty Ave., Brooklyn 7, N. Y. 

Circle 614 on Page 19 
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TRU-LAY PUSH. CONTROLS PROVIDE ACCURATE, 
DEPENDABLE REMOTE CONTROL FOR HUNDREDS OF PRODUCTS 


e If your products involve remote control—electrical, 
hydraulic, pneumatic or direct—TRU-LAY PUSH-PULL 
FLEXIBLE CONTROLS can help solve your design prob- 
lems. They provide positive remote control over long 
or short distances—up to 150 feet from the control a 
point. Because they operate while flexing, they can : og 
snake around obstructions. They will not buckle. They 
are ruggedly constructed, easily installed and operated, |-—~ 
sealed against dirt and moisture, and will handle jobs 
with as much as 1,000 lbs. input. PUSH-PULL CONTROLS 
are simple, have but one moving part, are noiseless, 
and give a lifetime of accuracy. Mechanical linkages, 
on the other hand, are complex. Unlike PUSH-PULL CON- TRU-LAY >. . 
TROLS, they are made of many parts, wear at many PUSH-PULL — : , ° 
points, and produce increased backlash, lost accuracy, ~ ee one 
and vibration rattles. 
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LINKAGE 





eo 


SIMPLE 














S- 
a- 


id 


Oo 


d 


1g 
t- 

















‘ = . 
Minimwm Maximem Input operation must be smooth and 
Recommended Load in Pounds accurate. Meets all require- 
Control Radius (Dependent ments for dependability and life. 
Dimension in Inches on Travel ) Light Duty « Gives smooth, 
ae accurate and dependable per- 
‘i formance at low cost. Available 
34.” with your choice of several types 
v2 2 30 of knobs. 

Vn" 3 65-125 Selective Friction « Amount of 
i friction can be changed to meet 
He" i 4 115-175 individual requirements of the 
operator or application. Friction 

V4" 6 300-600 constant at any setting. 
1 | Position Lock « A slight turn of 
"6 i 8 | 700-1,000 the T-type handle locks the con- 
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Sizes and Operating Heads to Fit Your Design 


Heavy Duty « For use where 
rugged duty prevails, but where 








trol in any position. Available 
in two sizes for light and heavy- 
duty applications. 


Micro Control « Push or pull 
the knob for instantaneous re- 
sponse, then rotate knob for 
vernier adjustment. Built for 
smooth, efficient operation on 
any job. 











PUSHR\\. DATA FILE shows how 





o . Sd + 

to simplify, improve design 
PUSH-PULL CONTROLS are solid as a rod and flexible as a wire rope. 
They’re factory-lubricated for life, unaffected by temperature ex- 
tremes, and can be adapted to practically any application. For com- 
plete details on how you can use them, write for the PUSH-PULL DATA 
FILE. It contains 7 engineering Bulletins which describe in detail the 
operation of PUSH-PULL CONTROLS, their applications, features and 
advantages. Our engineers will be glad to help you make TRU-LAY 
PUSH-PULL CONTROLS a part of your product. 


- PUSH-PULL CONTROLS *° 


Automotive and Aircraft Division *« American Chain & Cable Company, Inc. = Bo” 
601-A Stephenson Bidg., Detroit 2 e. 
6800-A East Acco Street, Los Angeles 22 * 929-A Connecticut Ave., Bridgeport 2, Conn. — 


nanemccnn Cae 6 Cains Cena 





AUTOMOTIVE & AIRCRAFT DEVISION 
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Design 
Uniform lift 
into equipment 
with 
DUFF-NORTON 
WORM GEAR 
JACKS 


Many designers find a ready answer 
to precise control of linear motion in 
machinery or equipment with built- 
in Duff-Norton Worm Gear Jacks. 





They are used singly, in tandem 
and in multiple jacking arrangements 
to position loads weighing from a few 
hundred pounds to as much as sev- 
eral hundred tons. 

When connected in tandem or 
groups of four, six or more, these 
jacks always raise or lower in exact 
unison regardless of load distribu- 
tion. They are also used for applica- 
tion of pressure, to push or pull and 
as linear actuators. 

Duff-Norton Worm Gear Jacks are 
self-locking and will hold heavy loads 
in position indefinitely without any 
creep. Since there is no fluid or air 
to leak, the action is always positive 
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and maintenance is no problem. 

These jacks are available in eight 
standard models with capacities 
ranging from 2 to 100 tons and with 
standard raises from 6 to 24 inches. 
Special raises can also be furnished. 

To learn more about how Duff- 
Norton Worm Gear Jacks may be 
used in your equipment, send for the 
bulletin which shows engineering 
drawings of jacks, Duff-Norton 
Mitre Gear Boxes and typical appli- 
cations. Ask for AD-t6av. 


DUFF-NORTON COMPANY 


Four Gateway Center « Pittsburgh 
COFFING HOIST DIVISION © Pittsburgh, Pa. 


DUFF-NORTON JACKS 


Ratchet + Screw 
Hydraulic « Worm Gear 


DUFF-NORTON 
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COFFING HOISTS 


Ratchet Lever « Air 
Hand Chain e Electric 





HELPFUL LITERATURE 





Screw Threads 
Illustrated “Harper Thread Guide” offers 
a basic introduction to the varied types of 
threads. Diagrams are used to explain 
the differences between the major kinds 
of screw threads. Charts detail measure- 
ments, characteristics, and capabilities of 
standard thread types according to Unified 
and American Thread Series, ASA B 1.1- 
1960. Add‘tional charts describe char- 
acteristics and other data of tapping screws 
and wood screws. Torque guide out- 
lines normal load values that can be ap- 
plied to bolts of various metals. 16 pages. 
H. M. Harper Co., 8200 LeHigh Ave., 
Morton Grove, Ill. 
Circle 615 on Page 19 


. . 
Magnifying Comparator 
New pocket-sized folder describes in de- 
tail a magn‘fying comparator for the meas- 
urement and compar’son of miniature parts 
and assemblies. Five new reticles have 
been added to the fifteen formerly avail- 
able for use with the comparator. Fea- 
tures and applications are listed, and re- 
ticles are pictured and described briefly. 
10 pages. Finescale Co., 218 S. Western 
Ave., Los Angeles 4, Calif. 
Circle 616 on Page 19 


AC Motors 
Product Data Catalog 107-2 describes ac 
motors designed to meet the requirements 
of government specificat‘ons for aircraft 
and missiles. Motors are designed for ap- 
plication on electromechanical linear and 
rotary actuators, servos, pumps, and valves. 
Catalog presents information on_horse- 
power, torque, speed, duty cycle, weight, 
and size. 6 pages. Lear Inc., P. O. Box 
688, Grand Rapids 2, Mich. 
Circle 617 on Page 19 


Nickel-Chromium Alloy 
Bulletin 110 contains detailed technical 
data on Chromel-AA, a new modified 
80-20 nickel-chromium resistance alloy de- 
veloped for use as heating elements in 
controlled-atmosphere furnaces. Informa- 
tion presented includes a table of physical 
properties, typical l‘fe and temperature- 
resistance curves, and test data. Also in- 
cluded are complete specification tables 
and formulas to facilitate conversion of 
existing atmosphere furnaces to Chromel- 
AA. 8 pages. Hoskins Mfg. Co., 4445 
Lawton Ave., Detroit 8, Mich. 
Circle 618 on Page 19 


Window Units 
Three types of versatile window units 
are described in three-color Bulletin 8-E. 
Fully described and illustrated are level- 
type, standard-type, and open-type units. 
Typical applications are given for each 
unit available. Diagrams of units are 
provided, along with specification charts 
with listing of part numbers and sizes. 
Installation data are also provided. 4 pages. 
Bijur Lubricating Corp., Rochelle Park, 
N. J. 
Circle 619 on Page 19 
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Sharp detail, brilliant finish, 


high strength castings: 


TENZALOY 


SELF-AGING ALUMINUM ALLOY 


Tenzaloy, the aluminum alloy that needs no heat treatment, 
offers finished properties with great promise to the designer. Cast- 
ability, even in complex shapes, is excellent. Castings are sharp, 
clean, take brilliant polish, anodize clear white, can be dyed all 
available colors, bright or pastel. Tenzaloy has great strength in 
thin cross sections, superior corrosion resistance, high dimen- 
sional stability. Investigate Tenzaloy for your new product. Write 
for Bulletin No. 103, or call Federated Metals Division, American 
Smelting and Refining Company, 120 Broadway, New York 5, 
REctor 2-9500; or call your nearest Federated sales office. 


Where to call for information: 


ALTON, ILLINOIS 
Alton: Howard 5-2511 
St. Louis: Jackson 4-4040 


BALTIMORE, MARYLAND 
Orleans 5-2400 


BIRMINGHAM, ALA. 
Fairfax 2-1802 


BOSTON 16, MASS. 
Liberty 2-0797 


CHICAGO, ILL. (WHITING) 
Chicago: Essex 5-5000 
Whiting: Whiting 826 


CINCINNATI, OHIO 
Cherry 1-1678 
CLEVELAND, OHIO 
Prospect 1-2175 
DALLAS, TEXAS 
Adams 5-5034 
DETROIT 2, MICHIGAN 
Trinity 1-5040 

EL PASO, TEXAS 
(Asarco Mercantile Co.) 
3-1852 

HOUSTON 29, TEXAS 
Orchard 4-7611 


LOS ANGELES 23, CALIF 
Angelus 8-4291 
MILWAUKEE 10, WIS. 
Hilltop 5-7430 
MINNEAPOLIS, MINN. 
Tuxedo 1-4109 

NEWARK, NEW JERSEY 
Newark: Mitchell 3-0500 
New York: Digby 4-9460 
PHILADELPHIA 3, PENNA. 
Locust 7-5129 
PITTSBURGH 24, PENNA. 
Museum 2-2410 
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Tenzaloy revolving chair base is a light- 
weight, high strength part that readily 
takes a desirable finish—anodizes clear 
white and takes a brilliant polish 


FEDERATED METALS DIVISION 


PORTLAND 9, OREGON 
Capitol 7-1404 


ROCHESTER 4, NEW YORK 
Locust 5250 

ST. LOUIS, MISSOURI 
Jackson 4-4040 

SALT LAKE CITY 1, UTAH 
Empire 4-3601 


SAN FRANCISCO 24, CALIF. 


Atwater 2-3340 


SEATTLE 4, WASHINGTON 
Main 3-7160 


WHITING, IND. (CHICAGO) 
Whiting: Whiting 826 
Chicago: Essex 5-5000 


IN CANADA: Federated 
Metals Canada, Ltd. 
Toronto, Ont., 1110 
Birchmount Rd., 
Scarborough, Phone: 
Plymouth 73246 


Montreal, P.Q., 1400 
Norman St., Lachine, 
Phone: Melrose 7-3591 
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Specify 
SPECON {or 


VARIABLE 


SPEED 
DRIVES 


electrical and mechanical 








from ¥2 to 75 hp. 

@ output speed ranges: 
0-100 to 0-7000 rpm 

e smoothly adjustable 
through zero speed 


draw accuracies of .01% 
e full torque at zero speed 


These are just some of the 
outstanding characteristics of 
Specon variable speed drives 
Rugged, reliable and requiring 
minimum maintenance, they permit 
nfinitely fine adjustment of 

yutput speed with accuracies 
approaching fixed gearing 

Specon drives also feature 
shockless starts and acceleration, 
full reversing, and provide output 
speeds up to 7000 rpm while 
maintaining zero speed features. 
Send. for FREE data booklet on 

Specon variable speed drives 


SYRATO S&S 


O C/PDNOw OF FRUUCHNLD COEIEE & ANOPLANE ConPenatioN 


INDUSTRIAL PRODUCTS BRANCH 
2242, Route 109, West Babylon, N. Y. 


Circle 492 on Page 19 
168 





HELPFUL LITERATURE 





Speed Reducers 


Catalog HM 60 contains engineering | 


data, mounting information, service fac- 


tors, horsepower, torque, and overhung | 


load ratios for seven models of HM 
horizontal motorized differential speed re- 
ducers. Tables and line drawings are 


used to illustrate and describe the units, | 


which offer a ratio range of 1:1.1 to 
50,000:1. 16 pages. 
Elton St., Springville, Erie County, N. Y. 


Circle 620 on Page 19 


Steel Tubing and Bars 
Technical bulletin contains weight com- 
parison tables for welded-steel tubing 
and solid bars. It also includes useful 
tables of drive-shaft torque values, phys- 
ical properties, and available sizes of 
welded-steel tubing. Strength and ductil- 
ity values are tabulated for as-welded, 
normalized-drawn, and mandrel-drawn 
tubing. 4 pages. Standard Tube Co., 
Michigan Steel Tube Products Div., 24400 
Plymouth Rd., Detroit 39, Mich. 
Circle 621 on Page 19 


High-Temperature Fasteners 


Bolts, screws, nuts, and dowels for ef- 
fective elevated-temperature use are de- 
scribed and illustrated in Engineering Data 
Catalog 286. 
5735 for 1300 to 1800 F applications. 
Line drawings and all specifications are 
provided. 12 pages. Mercury Air Parts 
Co. Inc., 9310 W. Jefferson Blvd., Culver 
City, Calif. 

Circle 622 on Page 19 


Screw Conveyor Drives 
Bulletin 7106 presents details on new 
screw conveyor drives, available for ap- 
plications from % to 30 hp (output torque 
to 21,400 lb-in.), in four ratios, designed 
to bolt to standard trough ends. Design 
features and accessories are described. 
Technical data includes selection and di- 
mension information, NEMA motor di- 
mensions, and nominal sheave ratios for 
typical unit ratios and conveyor speeds. 
20 pages. Falk Corp., Dept. 255, Box 
492, Milwaukee 1, Wis. 
Circle 623 on Page 19 


Steel Pipe 


Data Chart Sec. F, No. 7, covers the di- 
mensions and weights of steel pipe. 
Fourteen different schedules are shown, in 
range from 4 to 30-in. pipe size. Data 
for stainless pipe are shown where the 
wall thickness specified for stainless differs 
from that of carbon pipe. Table showing 
the capacity of round tanks in diameters 
to 32 ft 9 in. is provided, with an ex- 


planation for determining the capacity of | 


larger tanks. Formulas for calculating ca- 
pacities of rectangular and_ elliptical 
tanks are also included. Chart is printed 
on cardboard stock, 8% x 11 in. in size, 
three-hole punched, and tabbed. Peter A. 
Frasse & Co. Inc., 17 Grand St., 
York 13, NY. 

Circle 624 on Page 19 





Winsmith Inc., 6 | 


New 


) 2 OB) 8 
DESIGN 


TRENDS 


_A new pump concept “integral 
design” saves both cost and 
space for machine designers 

The development of three low cost 

elements ready to build into the hous- 

ing of any mechanism requiring a 

pumping function eliminates the pur- 

chase of complete pumps. (Fig. 1.) 





| Fig. 1. Three Gerotor components permit pump to 


be incorporated as integral part of housing or 


| frame of mechanism, eliminate need for purchase 


and mounting of separate, complete pump. 

Mounting pads, couplings, connectors 
and accessory drives are done away 
with by this progress in design. Con- 
sisting of an inner and outer Gerotor 
and an eccentric locator-ring, the unit 
becomes a complete pump by simply 
through-boring the casting or frame 
of the mechanism to accommodate the 
locator ring. O. D. and to provide 
porting. This design makes the main 


| casting do double duty as the pump 
Units are fabricated to AMS | rts 7 gos, 


housing, thus eliminating a very con- 
siderable cost factor. A drive can be 
taken from convenient shaft. 


any 





Fig. 2. Nichols integral pump-package is us easily 
installed as an anti-friction bearing. 

The matched elements are thus as 
easily built-in as a simple anti- 
friction bearing would be. Further, 
the Gerotor pump is extremely flexible 
in its configuration and readily adapts 
to a wide variety of mechanism 
geometries. It will handle a variety 
of fluids at rates up to 100 gpm and 
pressures up to 1,000 psi. 

The Gerotor pump is a positive dis- 
placement type, delivering a prede- 
termined amount of fluid in direct 
proportion to speed. It is a form of 
internal gear pump — simple and 
compact in basic design, (has only 
two moving parts). It is lightweight, 
valveless, provides exceptional per- 
formance and has low wear over a 
long service life. It is balanced and 
extremely quiet in operation. (Fig. 3.) 
Investigate this fe ies 
cost saving de- © 2 
sign advance. 
Technical as- 
sistance is a- 
vailable. We'll 


pitthtagaione ‘INTAKE CYCLE 


you can fully 
evaluate the 

sy 
advantages to aig 
you. (Fig. 3.) » é 


DISCHARGE CYCLE 


W. H. NICHOLS CO. 


Woerd Ave., Waltham 54, Mass. 
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Scarcely a handful, this oil- 
actuated Twin Disc Clutch 
is only 3” in diameter. 


This huge 42” Twin Disc 
Air Clutch has a torque ca- 


pacity of 166,800 lb.-ft. 





Vv 


MECHANICAL 


Small wet or dry clutches 
in 3.5” and 4.5” sizes with 
capacities to 14 hp. En- 
closed units in sizes from 5.5” to 
11.5” and capacities from 14 to 112 
hp. Large heavy-duty clutches for 
high-torque duty; sizes to 36” and ca- 
pacities to 1050 hp. 





PNEUMATIC 


Twin Disc Air Clutches 
.. provide more compact re- 
' mote control without 
complicated linkage. Lighter weight 
reduces inertia mass, lessens shock 
loading during starting cycles. Sizes 
from 8” to 42” for every air-actuating 
application. Capacities from 29 to 
1642 hp. Max. torque: 166,800 lb-ft. 
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<€— MIDGET OR 


MAMMOTH 


There's a Twin Disc 
Clutch to handle 
your power 

transmission job 


HYDRAULIC 


Oil-actuated multiple- 
plate clutches for high- 
speed, high-energy opera- 
tion. Compactly designed, readily 
adapted to push button control. 
Available with optional integral oil 
collector. Sizes from 3” to 7”. Capaci- 
ties to 137 hp and 690 lb-ft. of torque. 


‘7 ELECTRIC 
Direct-acting wet-type 
electro-magnetic clutches 
with stationary coils. An- 

nular flux-through-plates magnetic 
principle provides high torque capac- 
ity and compact design. Compensates 
automatically for wear. Sizes range 
from 3.3” to 11.5” with torque rat- 
ings from 14.5 to 1812 lb-ft. 
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Send for Bulletin 314 


This 20-page bulletin 
gives details and spec- 
ifications on the com- 
plete line of Twin Disc 
Friction and Fluid 
Drives. Write to TWIN 
DISC CLUTCH COM- 
PANY, Racine, Wis. 
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Troublesome maintenance 
and lubricating problems are 
eliminated when you specify 
Thomas “All-Metal” Flexible 
Couplings to protect your 
equipment and extend the 
life of your machines. 


Like a thief in the night an 
inadequate coupling causes 
wear and damage to your 
machines — resulting in high 
maintenance costs and costly 
shut-downs. 





UNDER LOAD and MISALIGNMENT 
only THOMAS FLEXIBLE COUPLINGS 


offer all these advantages: 


> Freedom from Backlash 
> Torsional Rigidity 
> Free End Floot 


> Smooth Continuous Drive with 
Constant Rotational Velocity 


> Visual Inspection While 
in Operation 

> Original Balance for Life 

> Unaffected by High or Low 
Temperatures 

> No Lubrication 

> No Wearing Parts 

> No Maintenance 


Write for our New 
Engineering Catalog 60 
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Basic Switches 


Data Sheet 175 covers three series of 
basic switches with gold contacts which 
offer a variety of designs for mv ma 
dry-circuit switching appl'cations. Sheet 
includes photographs, mounting dimension 
drawings, mechanical characteristics, elec- 
trical ratings, terminal variations, and 
pricing. 4 pages. M/inneapolis-Honeywell 
Regulator Co., Micro Switch Div., Free- 
port, Ill 
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Special-Purpose Fasteners 


Illustrated two-color brochure features 
four new concepts in special-purpose fas- 
teners, including Pawl-Loc, Z'p-Loc, Pres- 
Loc, and blind rivets. Enlarged picture 
of each unit is given, along with examples 
for application. Features of each type are 
listed. 4 pages. Deutsch Fastener Corp., 
Dept. DF155, P. O. Box 61072, Los An- 
geles 61, Calif. 

Circle 626 on Page 19 


Gate Valves 
Ductile iron gate valves are described in 
new bulletin. Full-page cross-sectional 
drawing is used to po’nt up the special 
features. Charts provide information on 
sizes and d'mensions, and _pressure-tem- 
perature ratings. 4 pages. Crane Co., 
Industrial Produ-ts Group, 4100 S. Kedzie 
Ave., Chicago 32, III. 
Circle 627 on Page 19 


High-Strength Insert 
Series of data sheets describes various 
models of Slimsert high-strength inserts. 
All engineering specifications are pro- 
vided, including sizes, phys‘cal properties, 
materials and finishes, and design capa- 
bilities. Information on installation and 
removal, and on tools necessary, is also 
included. 6 pages. Rosan Inc., 2901 W. 
Coast Highway, Newport Beach, Calif. 
Circle 628 on Page 19 


Relief Valves 
Catalog FE-138 describes and illustrates 
complete line of safety-relief valves for 
general industrial service and other ap- 
plications. Sizing information, capacity 
tables, weights and dimensions, and ap- 
plication data are arranged in a simplif- 
fied format which makes valve selection 
easier. 28 pages. Farris Engineering 
Corp., 702 Commercial Ave., Palisades 
Park, N. J. 
Circle 629 on Page 19 


Military Components 


Military Components Catalog 50A cov- 
ers latest versions of specifications con- 
cerned with fixed and adjustable-power 
resistors, precision resistors, rheostats, tan- 
talum capacitors, and relays. New cate- 
gories of components have been added to 
the listings, such as etched tantalum-foil 
capacitors. Photographs and line draw- 
ings are included. 36 pages. Write on 
company letterhead to Ohmite Mfg. Co., 
3679 Howard St., Skokie, Ill. 












for 
limited 





VULCAN 


CARTRIDGE 
HEATERS 


Vulcan Cartridge Heaters are 
designed especially to provide 
concentrated heat in small areas 
by insertion into machine parts, 
dies, platens, molds, presses, die 
blocks of embossing machines, 
packaging machines, etc. There 
is practically no heat loss be- 
cause the cartridge is com- 
pletely surrounded by the metal 
or material to be heated. 

Vulcan Cartridges are avail- 
able in a wide choice of stand- 
ard sizes — from 1” to 25” (or 
longer); diameter — 1/4” to 
1 19/64” (or greater); sheath — 
brass, steel, nickel or high tem- 
perature alloys; full range of 
wattage and voltage ratings. 
The proven “Thunderbolt” 
Heater is available for extreme 
conditions of watt density end 
temperature. 

Write for catalog and prices. 














Porat in Patt ag 


VULCAN ELECTRIC COMPANY, Danvers, Mass. 
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New Motors by 
UNIVERSAL introduce new 
free-aligning ball bearing assembly” 


... utilizing only the shaft for alignment, the new 
Universal Ball Bearing Assembly provides: 
. reduced noise level in ball bearing motors... 
. . easier starting regardless of load... 
.. elimination of pre-loaded bearings due to misalignment. 


Two new UNIVERSAL ELECTRIC motors, Type 523 (4 pole) and Type 563 
(6 pole) incorporate an entirely new ball bearing assembly design. 

The new ball bearing assembly is resiliently suspended in a 

neoprene collar with the axis of support in the center of the bearing. 
The bearing is thus inherently in balance and can adjust to any 

shaft misalignment 100% of the time utilizing only the shaft itself 

for alignment. This new design requires no pressure to retain the 

bearing in its position and the bearing cannot be forced from its 


seat regardless of the amount or type of load placed on the shaft. 


Advantages of the UNIVERSAL ELECTRIC ball bearing design 
are (1) reduced noise level, (2) permanent cushioned end play, 
(3) easier starting, (4) elimination of snap rings, shoulders and 


undercuts thus providing a stronger motor shaft and (5) elimination of 





preloaded bearings due to misalignment thus resulting in a free 
running motor with a longer motor life. UNIVERSAL offers the only ; a 


ball bearing shaded pole motors on the market that can make all of these claims. *Pat. applied for 


UNIVERSAL Electric 
Motors type 523 and 
type 563 with the new ball 


bearing assembly, offer the perfect 
flat speed torque curve necessary for 
critical air moving or recorder 
applications. In addition to these 

2 new motors, UNIVERSAL ELECTRIC 


also is making a new 6 pole sleeve 





Universal Bearings* 


Universal Free-Aligning sleeve-type bearing motor Type 63 as well as 
Bearings eliminate fractional HP moter the standard 4 pole, Type 23. These motors offer maximum performance 
bearing problems due to misalignment. 

Like the new ball bearing assembly, and efficiency for kitchen ventilators, unit heaters, evaporative coolers, 


this revolutionary bearing is inherently 
in balance and can adjust to any shaft 


misalignment 100% of the time under . . , ‘ 
any load condition. Write for complete specifications on your requirements. 


condenser fans, refrigerated cabinets, etc. 


55 


UNIVERSAL ELECTRIC COMPANY cr 
PRECISION ELECTRIC MOTORS 


EXECUTIVE AND GENERAL SALES OFFICES: OWOSSO, MICHIGAN, DEPT. 10 
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Use Yellow Card, page 19, to obtain more information 


Press-in Nut 


provides load-bearing 
threads for sheet metal 


Inexpensive method of obtaining 
load-bearing threads for later bolt 
or screw fastening in thick or thin 
ductile sheet metal is accomplished 
using the P-37 P-Nut. The | press- 
in type unit is available for the 
airframe, electronic, and commer- 
cial industries, Locking serrations at 
base of nut provide a liquid-tight 





seal between nut and walls of 
drilled hole. Configuration of serra- 
tions produces excellent push-out 
and torque-out values. Tensile 
strength exceeds that of a 200,000- 
psi bolt. Nuts are available in 
coarse and fine threads in sizes from 
No. 4-40 NC to No, 4-20 UNF. 
Hi-Shear Rivet Tool Co., 2600 W. 
247th St., Torrance, Calif. 
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Slip Clutches and Brakes 
are spring wrapped 

Spring-wrapped slip clutches and 
brakes are designed for continuous 
slip. Element producing slip is a 
stepped spring. Inside diameter of 
the small step fits tightly in the 
bore of the output drum. Rotation 
of the shaft in one direction causes 
the coils in contact with the input 
to grip tightly, and the coils inside 
the output bore to contract and 
produce slip. Rotation in the op- 
posite direction reverses the action 
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of the spring parts and slip is ef- 
fected on the input drum. Limit 
torque ranges vary from a fraction 
to 48 oz-in. Limit torques can have 
the same or different magnitudes 
for the two directions of rotation. 
Standard units can be furnished 
with limit-torque ratios to 10:1. 
Limit torque is constant, and is 
precisely calibrated, with tolerance 
on standard units of +15 per cent. 
Slip elements withstand continuous 
slip at respective power-dissipation 
ratings for a minimum of 500 hr of 
operation. Slip elements are corro- 
sion resistant, Servo mechanisms 
and tensioning drives for film and 
tapes are typical applications for 
the slip elements. Machine Compo- 
nent Corp., Gazza Boulevard, Farm- 


ingdale, N. Y. 
Circle 631 on Page 19 


ege 
Servo Amplifier 
performs under severe 
environmental conditions 
Tiny servo amplifier is suitable 
for use in computing instruments 





New Parts and Materials 


and in other applications requiring 
an amplified signal for driving a 
400-cps instrument servo motor. 
Module is contained in a package 
with a total volume of less than | 
cu in. Amplifier features a choice 
of phase-shift characteristics, extern- 
ally adjustable gain, and low out- 
put impedance with respect to load 
impedance. Amplifier performs re- 
liably throughout a temperature 
range of —55 to +100C, and has 
passed MIL-E-5272 _ specification 
covering temperature, altitude, 
shock, vibration, and humidity ex- 
tremes. Amplifier withstands 10 g 
to 500 cps. It operates from any 
standard airborne 27-v de power 
supply. Lear Inc., Box 688, Grand 
Rapids, Mich. 
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Reset Timer 


has permanently mounted, 
plug-in case 


Plug-in Cycl-Flex reset timer is fur- 
nished complete with its own plug- 
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in case, permanently mounted and 
wired to the application. Designed 
primarily for flush mounting, case 
can be installed by cutting one 3!4- 
in. diam opening. All terminals 
and wiring information are con- 
veniently Iccated on the rear of the 
timer case. Timer itself can be re- 
moved and replaced from perma- 
nently mounted case at any time in 
5 sec or less. Unit features its own 
handle/lock to insure a_ positive 
dust, oil-resistant seal. Timer con- 
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y F-M's FAMOUS : 
CENTRIFUGAL CLUTCH | 


Highest torque per inch 
per dollar. 














PACKAGED REVERSIBLE 
TRANSMISSION ‘ 


with F-M centrifugal clutch. 
Three Ibs. of compact 
power control. 





F-M's INTERNAL 
EXPANDING BRAKE 


is internal expanding, self- 
energizing. Also available 
as live axle brake. 





Control Small Engine Power 


WITH THIS THRIFTY THREESOME! 


Here’s a space-saving, thrifty threesome that starts, stops, idles or 
reverses standard small gasoline engines or motors in many types of 
riginal equipment such as power mowers, saws, lawn sweepers, 
portable elevators and golf carts. Often they make it possible for 
designers to specify less expensive, lower hp power units, too! 


PACKAGED REVERSIBLE TRANSMISSION for 1% to 5 hp use. 
Only 4” long, less than 5” diam., it mounts on engine or motor shaft 
extension or may be used as auxiliary drive. Eliminates gear shifting 
levers, belt tighteners. Includes the famous F-M automatic clutch 
as follows: 


AUTOMATIC CENTRIFUGAL CLUTCH produces up to 50 Ib. ft. at 
3600 rpm. Three standard types, extremely compact, adapt easily to 


pulleys, sprockets, gear or coupling drives. Free-wheeling. Overload- 
protected. Adjusts to engage smoothly at desired speed as load 
accelerates. Available separately or as integral part of F-M packaged 
reversible transmission 

INTERNAL EXPANDING BRAKE, very compact, self-energizing, for 
small power tools, vehicles. Stationary or live axle types. Available 
in 34%” and 5” sizes. 

Chances are excellent that one or more of this space-saving thrifty 
threesome can save you both in dollars and simplified design in 
1% to 5 hp applications. 

Get the facts .. . today. Write to: Fairbanks, Morse & Co., Magneto 
and Engine Accessories Division, Beloit, Wisconsin. 





Fairbanks, Morse 


MAGNETO AND ENGINE ACCESSORIES DIVISION 
A MAJOR INDUSTRIAL COMPONENT OF FAIRBANKS WHITNEY CORPORATION 
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HAVE THESE TWO REFERENCE AIDS? 


Two of the most important books ever written for men concerned with produci- 
bility, offer practical techniques for designing for low-cost production. In effect, 
these two useable encyclopedias put production know-how into the hands of prod- 
uct development engineers. 

Plainly worded and clearly illustrated by one of the country’s outstanding au- 
thorities on production processes, this “shop approach” to product design can be 


YOUR guide to lower production costs. 


Inspect these books for yourself. Here are 924 pages of real dollar and cents, on- 
the-job help you can use for reducing production costs. Use the form below for a 
FREE 10-day trial. 


“PRODUCTION PROCESSES” 


THEIR INFLUENCE ON DESIGN VOLS. | & Il BY ROGER W. BOiZ 





Mass Production and Design 


Metal Removal 

Metal Forming 

Metal Working and Forging 
Metal Disposition 

Coating Materials 

Molding Methods 
Fabricating Methods 





Treating Methods 








See them FREE on 10 Days Trial... . ah aor ge ae ne 


THE PENTON PUBLISHING COMPANY, Book Department 
PENTON BUILDING, CLEVELAND 13, OHIO 





Send me both volumes of “Production Processes 








by Roger W. Bolz NAME 
[-] On 10 days trial for free examination. If the books meet 
with my approval | will poy $15 (plus tox, if any) TITLE 
Otherwise | will return the books in good condition, 
postpaid 
COMPANY 





[_] Remittance enclosed* in which case the books will be 


sent postpaid 








: ADDRESS 

C} Bill me EEE Teens irre er 

[} Bill my company CITY ZONE STATE 
{-} €.0.0 


*Please add 45c to cover State Sales Tax on orders for delivery in Ohio. 
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tains four separate and independent 
load contacts, two of which are in- 
stantaneous and can be considered 
and used as relays in circuitry. Two 
others are time-delay relay contacts 
which operate at the end of the time 
set on the dial. Each load con- 
tact, being separate and independ- 
ent of the other, provides hundreds 
of practical control combinations. 
Two time-delay-relay contacts fea- 
ture built-in adjustment to provide 
for an additional timed differential 
at the end of the time interval, as 
needed. Eagle Signal Co. Div., 
Gamewell Co., 202 20th St., Moline, 
Ill. 
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Collar Insert 


provides nonslip handle 
for electrical appliances 
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Split-head collar insert for plastics 
is stainless steel, molded into the 
plastic with threaded and extended. 
Molding of insert to plastic hous- 
ing increases holding power of fin- 
ished fastener. Unit assures im- 
proved, nonslip handle for electrical 
appliances. Fastener is particularly 
suitable for plastic knobs and han- 
dles, and is available in sizes from 
No. 6 through % in. It is non- 
breakable, nondeforming, heat and 
corrosion resistant, with threads 
that neither seize nor gall. CSM 
Screw Products Co., 2105 Southport 
Ave., Chicago 14, IIl. 
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Directional Valves 


for use with consoles 
or control panels 


Panel-mounting directional valve 
design combines versatility and low 
cost with streamlined appearance 
for use with consoles or control 
panels. Single-unit valves are nor- 
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A QUALITY 
PRESSURE 
SWITCH, 

PRICED 
RIGHT! 
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A pressure switch that’s completely reliable, 
at a surprisingly low cost. Easy to install, easy 
to connect. Applicable to dozens of uses. 
UL approved, of course. 


e Steel (cad plated) housing, brass terminals 
e Set at factory to close at 42" to 15” H.0 
e Compact, weighs only 5 0z 


Your inquiries are invited! 


McQUAY-NORRIS MANUFACTURING CO. 


ELECTRIC PRODUCTS DIVISION 
2320 Marconi Ave., St. Louis 10, Missouri 


50 YEARS IN THE MANUFACTURE OF PRECISION PRODUCTS 
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engine power by WISCONSIN 


Actually, it’s as sirsple as ABC — and just as 
economical — to m.7"*" a regular production 
model Wisconsin eng:*i to your own special re- 
quirements with our cus om engineering service. 
Wisconsin power speciaiists work with you in 
making the proper selections from among scores 
of optional arrangements available to cover: fuel 
and electrical systems, power drives, power take- 
off systems, speed controls, hydraulic equipment 
fuel-tanks, rotating screen, pre-cleaner, and 
various other specification options. 

Where more extensive modification is necessary, 
Wisconsin engineers also counsel on most ecc- 
nomical methods of re-designing basic compo- 
nents and accessories to your needs. Their aid 
brings you a background of more than 50 years 
of heavy-duty power-unit specialization. Their 
recommendations can be relied upon for produc- 
ing an engine to fit your requirement. 

Send us a summary of your power problems to 
initiate immediate assistance from Wisconsin 
engineers. There is no obligation and you save 
development time and expense. 

Send for your copy of Wisconsin Bulletin No. 
S-249 giving technical data on the complete 
Wisconsin Engine line. Write Dept. O-10. 


ACCESSORY OPTIONS 


FUEL SYSTEM — gasoline, natural 
gas, or LPG (for domestic use) and 
alcohol, kerosene, or No. 1 fuel 
oil (for export). 


ELECTRICAL EQUIPMENT — elec- 
tric starter-generator system of 
electric starter only for all models. 
Solenoid switches and automatic 
choke, for remote or automatic 
Starting, also available. 


HYDRAULIC POWER — all Wiscon- 
sin V4'’s can be equipped with 
integrally-mounted hydraulic pump. 


POWER DRIVE—centrifugal clutch; 
over-center clutch; clutch reduc- 
tion or reduction assembly in a 
variety of ratios; adaptor to take 
a spring-loaded clutch; or trans- 
mission-torque converter designs. 


DIRECT DRIVE — special crank- 
shaft extensions are available 
threaded, tapered, splined, special 
diameters and lengths, various 
keys, etc., for close-coupled pumps, 
generators, and other equipment. 


SAFETY DEVICES — low-oil-pres- 
sure cut-off switch for 2- and 4-cyl. 
models, and high-temperature sate- 
ty switch for all models. 


OTHER ACCESSORIES — automo- 
tive and spark-arresting mufflers, 
pre-cleaners, drive pulleys for fly- 
wheel, rewind starters for ACN 
and BKN engines, and others. 


SAD WISCONSIN MOTOR CORPORATION — 





Qs 
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MILWAUKEE 46, WISCONSIN 
World's Largest Builders of Heavy-Duty Air-Cooled Engines 
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mally closed or normally open for 
three-way operation. Double-unit 
valves provide three types of four- 
way operation. An all-purpose op- 
erating cam can be rotated to 
change operation from one function 
to another. Essentially diecast zinc 
for corrosion resistance, they con- 
tain hardened, sintered steel cams. 





Seals and seats are oil-resistant syn- 
thetic rubber. Units are suitable for 
250-psi maximum air pressure and 
temperatures from —40 to +200F 
Industrial Products Div., Westing- 
house Air Brake Co., Wilmerding, 
Pa. 
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Adjustable-Speed Drives 


have modular relay, 
rectifier, and control panels 


Relay panels, rectifier panels, and 
control panels are designed as in- 
dividual units and mounted sepa- 
rately in a compact enclosure in 
Series 35 electrical adjustable-speed 
drives. Modular _ construction 
(shown) permits prewiring and pre- 
stocking of a wide variety of chassis 
to meet different specifications. 
Drives are de-motor types employ- 
ing adjustable autotransformers in 
combination with full-wave _recti- 
fiers to attain infinitely variable 
speed adjustments over a _ wide 
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The REED catalog gives you 


Should we specify ABEC-7 instead of ABEC-5? What’s the recommended 
lubricant: oil or grease? What shaft and housing tolerances shall we use? 


Should extended inner ring bearings be specified for the application? 


Questions like these can fly fast and furious when you're on a 
project. That’s exactly when you need REED’s catalog on instrument bear- 
ings. Because, this small but specific reference combines valuable informa- 
tion with vital statistics on instrument bearings. There’s no nonsense—just 


facts. Data on load ratings, fits, tolerances, etc. are all easy to find. 
REED specialists are also readily available to help you with 
any bearing problem, large or small. These men are specially trained and 


experienced—fully able to make tiny bearings do big, important jobs. And 


they’re located near you, as shown in the box at right. 6017 
> 
. 
. 
. 
o 
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REED INSTRUMENT BEARING COMPANY 
LOS ANGELES, CALIFORNIA 
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QUICK ANSWERS TO TOUGH QUESTIONS 
ABOUT INSTRUMENT BEARINGS 


For a copy of the REED Instrument Bear- 
ing Catalog—or help with an instrument 
bearing problem—call or write: 


REED Instrument Bearing Company 
Div. SKF Industries, Inc. 
4241 Redwood Avenue 
Los Angeles 66, Calif 
Phone: UPton 0-5814 or 
EXmont 8-3204 


Front Street and Erie Avenue 
Philadelphia 32, Pa 
Phone: GArfield 6-6400 


20 Henry Street 
Teterboro, N. J 
Phone: ATias 8-1700 or 
PEnnsylvania 6-9767 (N.Y.C.) 
1800 N. 25th Avenue 
Melrose Park, Ill. 
Phone: Fillmore 4-1035 or 
MAnsfield 6-7456 (Chicago) 
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Division of 


SKF. 


INDUSTRIES, INC. 
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For Hydraulic and Pneumatic Applications 


Nothing rolls like a Bellofrant’ 
Rolling Diaphragm. it’s frictionless! 


The Bellofram Rolling Diaphragm provides ultrasensitive response in 
hydraulic or pneumatic devices where frictionless, long-stroke action in 
small-diameter configurations is required ... and where flex life of mil- 
lions of cycles is necessary. 


These desiderata are achieved through the rolling action of a flexible 
thin-sidewall diaphragm consisting of a high-tenacity fabric overlay em- 
bedded in elastomeric material. 


Fig. I shows how Bellofram Rolling Diaphragm conforms to the piston. 
Fig. II shows how, as the piston descends under pressure, the diaphragm 
rolls off the piston’s sidewall and onto the cylinder’s sidewall in a smooth, 
continuous, frictionless movement. 


The Bellofram principle can be applied widely in actuators, pumps, 
instruments, seals, accumulators, fiuid dampers, etc. 


Which of these advantages are you looking for? 


5. Almost infinite flex life 12. Freedom from abrasive 


To the designer con- 
( millions of cycles). wear. 


fronted with situations 


for which conventional 6. Sensitivity to extremely 13. One hundred stock 


bellows, O-rings, or cup 
packings are inade- 
quate, Bellofram Roll- 
ing Diaphragm offers a 
constellation of advan- 
tages found in no other 


product: 
1. Friction-free 
(low hysteresis) 
2. Ne break-out friction 
effects. 
3. Completely leakproof 
device. 


4. Constant cree in all 
piston positions. 





smoll pressure changes. 


7. No mechanical spring 
gradient. 


Compatibility with 
practically all 
environmental gases or 
fluids. 


9. Avtomatic de-icing 


action. 


10. Free positioning with 


complete relaxation at 


any point in its stroke. | 


11. Dees not require close 


machine finish toler- 
ances on pistons and 
cylinders. 





Send for Free Literature 


sizes. Four mounting 
configurations. Special 
types and sizes designed 
to order. 


. Excellent temperature 


stability, from —85°F. 
to 550°F. (from —120°F. 
to 700°F. in some cases). 
Wide range of working 
pressures: 1 in. H20 to 
500 psi (up to 1200 

psi in some cases). 
Effective pressure areas 
from .028 to 108 sq. in. 
Cylinder bore diameters 
from .25 to 12 in. 
Extended range of stroke 
(.01 to 12 in.). 


Some territories open for technical sales representatives. 


Bellofram 


@Reg. trademark U.S.A. and foreign countries + Bellofram Rolling Diaphragms are protected by U.S.A. and foreign patents 





BELLOFRAM CORPORATION, 40 BLANCHARD ROAD, BURLINGTON, MASSACHUSETTS 
BRowning 2-2100 Mission 3-9000 


=j 
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range. They are available in Size | 
for 14 hp max, and Size 2 for 34 hp 
max. Two other sizes are offered 
with maximum ratings to 10 hp. 
Cleveland Machine Controls Inc., 
1155 Brookpark Rd., Cleveland 9, 


Ohio. 
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Color-Coated Stainless Steel 


is durable and 
corrosion resistant 


ColorRold stainless steel, developed 
from a complex organic coating 
formula, combines durability and 
corrosion resistance of stainless steel 
with the versatility of color har- 
mony. Colored stainless provides 
good toughness, weathering, and 





fabricating characteristics. It can be 
sheared, bent, formed, and drawn 
to extreme degrees without damage 
to the color coating. Ordinarily sup- 
plied as a solid, color-coated metal, 
it can also be embossed or textured. 
Ten standard colors and white 
maintain high degree of color fi- 
delity. Stainless is available in coil 
or sheet form to 48 in. wide in all 
popular gages. Product Develop- 
ment Dept., Washington Steel 
Corp., Washington, Pa. 

Circle 637 on Page 19 


Stepping Motor 
has high 


torque-to-size ratio 


Compact, reliable unidirectional 
Digimotor has long life and high 
torque-to-size ratio. Quiet, jamproof 
operating mechanism is completely 
enclosed in a protective housing, has 
a magnetic anti-overcoast, and is 
permanently lubricated. Stepping 
rate is 15 to 25 steps per second, 
depending on positions, load, and 
other factors. Digimotor has many 
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applications, and can be used as an 
efficient power source for driving 
potentiometers, counters, rotary 
switches, tape advance, and a variety 
of control mechanisms. It can also 
be used to operate gear trains, in- 
dicators, valves, and cams. Thirty 
models are available from stock, 
with or without detent, in 8, 10, 12, 
18, 20, and 24 steps per revolution. 
Ledex Inc., 123 Webster St., Day- 
ton 2, Ohio. 

Circle 638 on Page 19 


Epoxy Adhesive 


bonds nylon to nylon 


Two-component, 100-per cent solids 
epoxy adhesive, Hysol 4219, bonds 
nylon to nylon at room tempera- 
ture. Easy surface preparation con- 
sists of roughening with emery cloth 
and wiping with acetone. Adhesive 
is not affected by immersion in JP4, 
alcohol, or high-flash naphtha. Ad- 
hesives and Sealants Dept., Hysol 
Corp., Olean, N. Y. 

Circle 639 on Page 19 


Panel Fastener 


accomplishes locking by 
four locking balls 


Quick-release panel fastener that 
mounts flush with panel surface 
offers positive locking, instant  re- 
lease, and good strength character- 
istics. Locking is accomplished by 
four locking balls, using no threads, 
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’ What Yardstick 
Do You Use... 


when 
choosing a 
motor source? 






Here’s why 
the great names in 
industry SPECIFY Gl! 


EXPERIENCE. With 40 years’ 
experience in designing and man- 
ufacturing, GI can assure you of 
the most efficient motors to meet 
any requirements. There’s no sub- 
stitute for experience! 


DEPENDABILITY. GI motors have 
been quality-proved in millions of 
applications the world over. When 
the reputation of your product is 
at stake, you can rely on GI! 
ECONOMY. GI is a “complete” 
motor manufacturer. Almost all 
components, aside from the raw 
materials, are produced in our 
own modern plant, permitting 
maximum economy consistent 
with quality. 


It Makes Sense To Specify G/... 


Semon Frver 


AC MOTORS 


1/1800 H.P. to 1/35 H.P. 
























Catalog Available On Request 


THE GENERAL INDUSTRIES co. 


ELYRIA, OHIO 
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Oil-filled NYLASINT’ parts 


nuts, or cotter keys. Fastener con- 


: sabyes sists of a stud permanently attached 
retal n lu brica nt to the panel, and the receptacle 
: z i mounted on the chassis or frame- 
while spinning at 1000 Gs work of the assembly. When stud 
is seated in the retainer it is locked. 
Release is a quick, automatic spring 
ejection of the stud, allowing panel 
to be removed without prying. Fas- 
tener is automatically spring-ejected 
if not fully seated. Fastener can be 
used on flat surfaces or curved sur- 
faces as small as a 9-in. radius. It 
is available in normal duty 1/,-in. 
diam and heavy duty 5/16-in. diam. 
Three grip lengths accommodate 
panel thicknesses from 0 to 14, % 
to 14, and 4 to % in. Avdel Inc., 
210 S, Victory Blvd., Burbank, Calif. 
Circle 640 on Page 19 
Ball bearing retainers of oil-filled “‘micro-porous” 
Nylasint will not bleed under extremes of temperature, Mercury Switch 


pressure and acceleration. é 
low-cost unit 


These permanent built-in lubrication properties of replaces two switches 
Nylasint sintered nylon were demonstrated on ball bear- 
ing retainers (above) which operated over 10,000 hours 
under severe load conditions with no additional lubrica- 
tion... and without loss in performance. 

Micro-porous Nylasint parts absorb and retain fluids 
up to 50% by weight to minimize friction in bearing 
and wear applications. Almost 20% of the initial oil is 


retained at 15,000 Gs. 


As an ink-filled roller, Nylasint has all the desirable 








mechanical surface characteristics of nylon while hold- 


ing a large amount of ink which can be fed uniformly. ‘ ‘ 
; ’ , Low cost SPDT mercury switch is 


Inert fillers also can give resilient Nylasint parts out- capable of replacing two mercury 
switches in such applications as 
vending machines, programmers, 
ag Tae annunciators, interlocks, and alarm 
ponents and steel office furniture. systems. Switch is available in two 
models: HG 900 LO has break- 
before-make action, and HG 901 
LO has make-before-break action. 
Both switches are also available in 
a shockproof, waterproof, potted 
or write for new Nylasint Bulletin BR-1111. ret page ge ost 
Gordos Corp., 250 Glenwood Ave., 
Bloomfield, N. J. 


standing dimensional stability and high load capacity 


.. important for such diverse fields as missile com- 





For complete technical data on Nylasint, call 
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Tkiittm@ INDUSTRIAL PLASTICS. Pillow-Block Bearings 
‘elie ; for light and 
Halex Corporation | medium-duty service 
Pillow-block bearings, EDX Series, 
utilize housings of ductile material 
Reading, Pa. and are designed for light and me- 


a subsidiary of The Polymer Corporation | 
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~ THIS MAN CAN 


DEMONSTRATE 
A NEW WAY TO 


COUNT 


... Fright in your own office! 


Fifteen minutes of your time — that’s all it’ll take to 
put on the Veeder-Root ‘“‘DESK-TOP DEMONSTRATION” 
an actual performance of how Veeder-Root Electronic 
Counters will improve your production records, im- 
prove your product. Let us show you how Veeder-Root 


Electronic Counters can measure quantities, lengths, 
liquids; count odd-shape objects; actuate machinery; 
measure batches. Let us show you new counting methods 
utilizing Electronic Counters to count, measure, actuate 

rapidly, accurately, from remote locations, with com- 
plete flexibility, with minimum maintenance. 


Make sure you see the Veeder-Root ‘‘DESK-TOP 
DEMONSTRATION’. Just call your nearby Veeder-Root 
branch office or write direct. Your Veeder-Root sales 
engineer will be glad to put on the demonstration at 
your convenience. 


Veeder-Root 


ELECTRONIC CONTROLS DIVISION 
DANVERS, MASS. 


© ‘The Name that Counts’ 


Hartford, Conn. « New York « Chicago « Los Angeles * San Francisco + Seattle * St. Louis * Greenville, S.C. + Altoona, Pa. « Montreal + Offices and Agents in other principal cities 
Circle 506 on Page 19 











WHAT’S YOUR 
CLAMPING PROBLEM? 


_- hese 


for ~~ --flexipy 
os e 
S~guape  P@8tic pipe 


Sustom applications 





WITTEK has the answer... 
Whatever your clamping problem, it’s a safe bet that Wittek has the 


exact type and size clamp to do the job. Write for this new 16-page 
brochure on standard Wittek clamps and custom-made clamps. 


CLAMPS, 
for Every we 


Quality Clamps for Over 35 Years 


WITTEK Manufacturing Co. 


4349 West 24th Place, Chicago 23, Illinois 


Application 
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dium-duty service. Improved reten- 
tion of lubricant and exclusion of 
dirt results from the adoption of an 
improved lip-type seal. Constructed 
of a rubber-impregnated fabric be- 
tween metal shields, seals maintain 
positive contact with the inner bear- 
ing ring at all times, regardless of 
shaft misalignment. Pillow-block 
bearings, and the companion flange 
bearings, utilize an eccentric lock- 
ing collar to secure the inner bear- 
ing ring to the shaft. Setscrew 
assures positive locking. Bearings 
are available in a wide range of 
shaft sizes from 14 to 13/16 in. 
Hoover Ball & Bearing Co., 5400 
S. State Rd., Ann Arbor, Mich. 
Circle 642 on Page 19 


Toggle Switches 


have aluminum tabs to 
provide position indication 


Series 400 compact toggle switches 
feature bright aluminum tabs that 
provide instant position indication. 
Switches are available in both mo- 
mentary and  maintained-contact 
versions. Requiring about | in. of 
space - behind control panels and 
weighing 1/14 oz, switches are 
suited to aircraft, electronic equip- 
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ment, data-processing systems, and 
industrial consoles. Each toggle op- 
erates two precision snap-action 
switches encased in a dust-tight 
plastic cover. Each switch has two 
isolated, SPDT circuits, rated at 5 
amp, 125 or 250 v. Micro Switch 
Div., Minneapolis-Honeywell Regu- 
lator Co., Freeport, Ill. 

Circle 643 on Page 19 


Adjustable-Speed Drives 
in 14 to 3%4-hp range 


Model SC-41 adjustable-speed drives 
are low-cost, high-reliability models 
covering 1/4, to 34-hp range. They 
are available with a variety of 
speeds and features. Electrical 





drives use no tubes, have wide speed 
ranges with stepless adjustment 
from zero to full speed, and utilize 
circuit breakers for armature pro- 
tection. Remote control is light, 
small, and compact. Applications 
include use in process machinery, 
metalworking machines, printing 
machines, materials-handling devic- 
es, and coil-winding equipment. 
Applied Technology Corp., 475 
Fifth Ave., New York 17, N. Y. 
Circle 644 on Page 19 


Electrical Transformer 


is small, light unit 


Flexi-Core electrical transformer is 
2 to 30 per cent smaller and lighter 
than conventional types with iden- 
tical operating characteristics, de- 
pending upon electrical characteris- 
tics required. Heart of the trans- 
former is a formed core that con- 
sists of nests of laminations of fab- 
ricated-steel strips from a continu- 
ous roll. Each of these cores con- 
sists of two U-shaped nests of strips; 
two nests are fitted together, with 
the strips at the top of the U-shapes 
interleaved or meshed. The result- 
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HYDRAULIC CYLINDERS FOR TOP ON-THE-JOB RESULTS 


If you insist upon top performance on- 
the-job, then always demand B-H-E-W 
products. Only B-H-E-W offers basic 
designs and trained specialists to 
adapt these quality design techniques 
to suit your specific application. With 
B-H-E-W working for you, production 
economies, production efficiency and 
quality products are your end results! 











INTEGRITY « CHARACTER + QUALITY 


BENTON HARBOR ENGINEERING WORKS, INC. 
622 Langley Avenue - St. Joseph, Michigan 
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MODERN 


ELECTRONIC 


ENGINEERING 


GIVES PRECISE 


MOTOR SPEED 


CONTROL 
1/100 — 10 H. P. 


Modern industriol electronic en- 
gineering has been coordinated 
with electric motor design to 
provide a versatile means for 
obtaining the full possible ad- 
vantage of speed control in DC 
motors while operated from the 
regular alternating current power 
line. Grid controlled “Thyratron” 
tubes ore utilized for power con- 
trolled stepless variation to sup- 
ply motor armature power. 
Patented feedback, or “Servo” 
cirevits provide constant torque 
capability over wide speed ranges 
of as high as 60 to 1 in some 
models and a minimum of 20 
te 1 in others, 


DIV. of _ ite DEVICES 
ARmory 4-8989 
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4 Godwin Ave., Paterson, N. J 
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is a hollow rectangle, 
Picture 
shows one of the four nests used 
to complete the transformer (left). 
Coil and leads are added (center), 
and addition of laminations, secured 
by welds, complete the unit (right). 


ing unit 
square, or other shape. 


Sylvania Electric Products Inc., 
General Telephone Bldg., 730 Third 
Ave., New York 17, N. Y. 

Circle 645 on Page 19 


Epoxy-Resin Compound 
has adjustable flexibility 


Meta-Cast 441 is a two-part, 100- 
per cent solids, epoxy-resin casting 
and sealing compound which con- 
tains no reactive diluents or inert 
plasticizers. Properties of the cured 
material can be varied from a semi- 
rigid, hard casting to a rubberlike, 
flexible sealant by varying the pro- 
portions of the two parts. Excel- 
lent adhesion and resistance to im- 
pact and cracking are maintained 
over a wide temperature range. 
Compound is recommended for seal- 
ing, potting, and encapsulation of 
electrical components such as coils, 
resistors, transformers, rectifiers, and 
capacitors. Mereco Products Div., 
Metachem Resin Corp., 530 Well- 
ington Ave., Cranston, R. I. 

Circle 646 on Page 19 


Temperature Detector 


miniature unit has sensing 
element in 0.060 in. of tip 


Miniature tip-sensitive temperature 
detector, only !4,-in. long by 0.278 
in. diam, can be connected to indi- 
cators, recorders, or controllers by 
means of ordinary copper wire. 
Sensing element or winding of the 












PRECISION- 
~} QUALITY 
BEARING BALLS 


are indispensable to the 
proper function of 
sensitive, reliable auto 





To uphold its redoubtable reputation as 
a communications specialist, a leading 
manufacturer of automotive radio sys- 
tems must be certain that every com- 
ponent used in its assemblies performs 
reliably. 

For example, when this auto tuner as- 
sembly is coupled to the electrical sys- 
tem, it must provide positive location 
and low torque to ensure fine tuning... 
and dependable, precision-quality bear- 
ing balls perform a vital function. The 
bearing balls provide uniform torque be- 
tween the conical shaft and the bearing 
race, without introducing tortional strain 
and undesirable angular displacement 
...and customer requirements for life 
expectancy and non-degradation in func- 
tion of the complete assembly are re- 
peatedly satisfied. 

Abbott precision-quality bearing balls 
adapt easily, perform reliably, and last! 
A wide range of sizes is available. Write 
for complete information. 


Write for copy of 
Bulletin AP-1 





THE ABBOTT 
BALL COMPANY 


8 RAILROAD AY 
HARTFORD | CONN 


2 the Lowder 
once (VOT 
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“What’s so bad 
about basing the ad budget 
on last year’s shipments ?” 


























Management men, seeking a reliable guide to 
advertising appropriations, often settle on a 
percentage of sales. The following commentary 
on this practice was written by A. J. Bergfeld, 
President of the internationally known manage- 
ment consultant firm of Stevenson, Jordan & 
Harrison, Inc. 


Past practices of your own or of your com- 
petitors will produce no magic ratios by which 
you can either judge or budget the right amount 
of advertising automatically as a percentage 
of past sales. 


‘Plans for increasing sales volume, sales revenue 
and resulting profits by product and by territory 
or by divisions, can better be analyzed and 
approved by considering advertising as a pro- 
grammed cost to be associated with specific 
profit plans and to be measured against specific 
results. 


“Programming advertising costs as a measured, 
reasoned and integrated part of a future profit 
plan usually results in a better plan and better 
actual future profits.” 


ASSOCIATION OF INDUSTRIAL ADVERTISERS 


271 madison avenue + new york 16, n.y. + telephone murray hill 5-8921 


An organization of over 4000 members engaged in the advertising and marketing of industrial products, with local chapters in ALBANY, BALTIMORE, BOSTON, BUFFALO, 
CuicaGo, CLEVELAND, CoL_umBus, DaLias, Denver, Detroit, HAMILTON, OnT., HARTFORD, Houston, INDIANAPOLIS, Los ANGELES, MILWAUKEE, MINNEAPOLIS, 
MontTREAL, Que., NEWARK, New YORK, PHILADELPHIA, PHOENIX, PITTSBURGH, PORTLAND, ROCHESTER, ST. Louts, SAN FRANCISCO, TORONTO, ONT., TULSA, YOUNGSTOWN. 
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AT THE M. 1. B. A. SHOW 


NOTE HOW MANY NUMERICALLY 
CONTROLLED MACHINES RELY ON 


BEAVER BALL SCREWS 


FOR ACCURACY 
Tre etbae linc 


Beaver Precision ball lead screws 
on all three axes provide the basic 
measuring and actuating elements 
which simplify the design of this 
tape controlled milling machine. 

Beaver ball screws move table 
of this Bridgeport Mill in response 
to signals from the Electronic 
Control Systems, Inc. “Digimatic” 
control and are typical of those 
now in use on numerically con- 
trolled machine tools of all types. 

If it's numerically controlled, 
tape or card, it is more than likely 
equipped with Beaver ball screws. 
Our engineers are available to 
you for consultation — can we help 
you improve the design of your 
equipment? 
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Drecision 
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g INC. 
a CLAWSON, MICH. 
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Model 327 detector is located in the 
first 0.060 in. of the tip for fast re- 
sponse to temperature changes. 
Shell of the detector is brass, and 
tip is tinned so that it can be 
soldered easily to the metal surface 
to be measured, or so that it can 
be covered easily with babbitt if 





used in a bearing. Instrument Div., 
Thomas A. Edison Industries, Mc- 
Graw-Edison Co., West Orange, 
N. J. 

Circle 647 on Page 19 


Blind-Mounting Lock Nut 


for use with 
12,000-psi bolts 
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Blind-mounting aircraft and missile 
lock nut, called the Davis Press Nut, 
is a one-piece, self-locking, threaded 
fastener installed from one side in 
a single drilled hole by a simple 
pressure tool. Nut is embedded 
flush in one surface of the metal 
while gripping the other by a swag- 
ing action. Made of austenitic stain- 
less steel, it is intended for use 
with 12,000-psi tension and shear 
bolting. It can be used in metal 
sheets from 0.040 to 0.400-in. thick 
and of Rockwell C 21. Nut is avail- 
able in four standard bolt diameter 
sizes, No. 10 through 3% in., and 
in nine different grip lengths from 
0.040 to 0.400 in., in 0.040-in. in- 
crements. Integral prevailing-torque 
locking feature holds mating bolt 
firmly in place under vibration, 


whether seated or not. Standard 
Pressed Steel Co., Jenkintown, Pa. 


Circle 648 on Page 19 


Self-Priming Pump 


for general-purpose use 
pumps 300 gph 


Small  self-priming unit, Pony 


Pump, is available for 6, 12, 24, or 
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Are you up in the air 
over tubing sources? 


If you have ballooning production problems, consider these impor- 
tant facts. OSTUCO Tubing is always the exact tubing you need for 
your product because OSTUCO Tubing is CUSTOM MADE for your 
product. Your order is manufactured to your own specifications to 
produce steel tubing especially for your application — the precise 
grade, analysis, size, shape, special anneal and tolerances best 
suited to your needs. 

Ohio Seamless Tube produces both seamless and electric welded 
steel tubing —is prepared to form many finished or semi-finished 
tubular parts to your designs. 

To get the most from your next steel tubing order, use Custom 
Made OSTUCO Tubing. Contact your nearest Ohio Seamless repre- 
sentative, or send part drawings to the plant at Shelby, Ohio — Birth- 
place of the Seamless Steel Tube Industry in America. 


gst 


A-2449A 
Model illustrated built to 3.5 mm scale, 
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OHIO SEAMLESS TUBE 


Division of Copperweld Steel Company « SHELBY, OHIO 


Seamless and Electric Resistance Welded Stee/ Tubing Fabricating and Forging 
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Small Precision Metal Parts 
Getting In Your Hair? 


If you need precision in small metal parts you can get it from 
Torrington — plus exactly the right finish, temper and hardness 
required for your needs. Moreover, Torrington can produce such 
parts at high speed and a remarkably economical cost. We are the 
leading specialist in this field-- with the specialized skills, engineer- 
ing experience and facilities to save you money. If you have small 
parts to be manufactured in large quantities why not let Torrington 
solve your entire problem. Use the coupon below to get promp? action. 


Are 


SPECIAL METAL PARTS 


the rh nrecisjon 


~” 


p 





THE TORRINGTON COMPANY Torrington, Conn. 
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|] Tre Torrington Compzeny, Specialities Division l 
| 626 Fieid Street, Torrington, Conn. | 
gs | Please send me literature on Torrington Smali Parts. | 
0.9 | fl Piease have your representative contact us. 5 
| Name Title l 
4 ; Company | 
| \ | Address ! 
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I City Zone State 
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32-v de operation. Available for 


marine or general-purpose applica- 
tions, unit pumps 300 gph. Fea- 
tures include a bronze body, stain- 
less-steel shaft, and neoprene or Hy- 
car impellers. Totally enclosed, 
|/12-hp, moistureproof motors are 
Pump has 34-in. port 
connection with 34-in. pipe inside 
thread. Proven Pumps Div., West- 
ern Brass Works, 1440 N. Spring 
, Los Angeles 12, Calif. 
Circle 649 on Page 19 


standard. 


Fast-Drying Adhesive 


bonds urethane foams or 
rubber foams to themselves 


Clear, fast-drying Rez-N- 
glue 301, bonds urethane foams or 
rubber foams to themselves. Adhe- 
flexible, near- 


adhesive, 


sive produces a tough, 
ly translucent bond with rapid rate 
of open time. Parts can be assem- 
bled within five minutes after coat 
ing. Maximum assembly strength is 
developed within !/, to | hr after 
bonding. A tensile pull will tear 
the urethane without rupturing the 
bond. Application of the adhesive is 
made by brushing of the surfaces to 
be bonded. After three to five min- 
utes open time the sections are 
pressed together to assure good con- 
tact. Schwartz Chemical Co. Inc., 
50-01 Second St., Long Island City 
1, N. Y. 

Circle 650 on Page 19 


Insulated Thermostat 


has maximum 
contact rating 


BW-SS insulated thermostat is a 
1,-in. diam model available with 
wiping action and contacts that 
open and close with temperature 
fluctuations. Unit can be factory- 
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calibrated or adjusted externally to 
obtain desired actuating tempera- 
ture by means of an easily accessible 
adjustment screw. Temperature 
setting is not affected by ambient 
temperatures. Model incorporates 
a bimetal-actuated contact attached 
to a spring which shunts the bi- 
metal. Unit is particularly recom- 
mended for applications requiring 
an insulated thermostat with maxi- 
mum contact rating. Maximum 
differential is 1 deg. Chatham Con- 
trols Corp., 156 River Rd., Chath- 
am, N. J. 

Circle 651 on Pag2 19 


Flexible-Shaft Couplings 


have squared ends 





Flexible-shaft couplings are made of 
5/16-in. diam flexible-shaft core. 
Core is made of high-carbon wire 
and operates in temperatures to 
300 F. Square formed on end of 
coupling facilitates the engagement 
for the drive and also allows for 
slight changes in length due to 
varying torques. Formed square 
on the end is held to close toler- 
ance and is lcwer in cost than fit- 
tings. Length can be varied to suit 
the particular application. Cou- 
plings are suited for controls that 
must operate at temperatures too 
high for hydraulic controls, such as 
in high-temperature jet aircraft. 
Stow Mfg. Co., 11 Shear St., Bing- 
hamton, N. Y. 

Circle 652 on Page 19 


Synchronous Motor 


permits ac synchronous speed 
or de stepping 


Permanent-magnet type synchro- 
nous motor, Slo-Syn SS250, is de- 
signed primarily for heavy-duty in- 
dustrial use. Torque of 250 oz-in. 
and constant speed of 72 rpm make 
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CAN NOW TAKE CARE OF COMPETITION IN 
ON-OFF DEVICES 


The Great Competitive Game being what 
it is, drastic measures are often necessary 
if a new product is to be assured of suc- 
cess. Frequently, one must even resort to 
publishing better specs than the competitor 
has announced, and then build a product 
to meet them. Some companies even go so 
far as to reverse the order of these events 


but the procedure is rare in North America. 


We used to say the Sigma Series 33 was 
a sliding current relay and that it would 
work on 200 milliwatts. Now there is evi- 
dence to the contrary: (1) the “33” works 
best when abruptly energized, and (2) 
there’s a new adjustment coded " VG“ that 
needs only 100 mw for operation. (How’s 


that for being wrong two out of two?) 


This new subminiature 
competitor (on the left, 


next to Dr. Guillotin) 


BQ 


3 





Series 33 relay 


stays within spec and won’t open its 
contacts, energized or not, at 30g to 5000 
cycles, under 70g shocks, and overa-65°C. 
to +125°C. temperature range. Contact 
form is DPDT, polarized, magnetically 
biased. This is designated “Form Y” by 
us and means that the armature occupies 
one closed position when there is no coil 
signal, the other closed position when a 
signal of correct polarity and magnitude 
is applied, and back to the first position 
when the signal is removed. On special 
order, 33VG’s can be supplied with dual 
coils and/or gold alloy contacts for dry 


circuit work. 


One other thing about applications: the 
VG adjustment of the 33 is good for 
either on-off or off-on requirements; order 
device in main illustration only if your 
application is the former. Series 33 Bulletin 


and VG supplement on request. 


At WESCON—Booth 749-750 


SIGM 


SIGMA INSTRUMENTS, INC. 
89 Pearl St., So. Braintree 85, Mass. 


An Affiliate of The Fisher-Pierce Co. (since 1939) 
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Wanted: Engineers 


Like to break into an interesting 
field where you'll make good use 
of your engineering talents — yet 
have a chance to develop new skills? 


We're looking for several men 
with engineering experience and a 
yearning to write or edit. As an 
editor on Macuine Desicn, you 
would broaden your engineering 
background in a job that provides 
stimulating contact with people in 
many engineering areas. 


You don’t have to have actual 
writing or editing job experience, 
although we expect definite ability 
in handling the English language. 
An ME or EE degree plus several 
years of design-engineering experi 
ence would be ideal, but we'll be 
happy to consider equivalent quali- 
fications. 

If you’ve worked in a design 


engineering specialty area, we'd like 
to hear about it. We're interested 


with an interest in writing 


in any job experience or training in: 


@ Mechanical drives, controls, systems 

@ Mechanical components, assemblies 
Electrical or electronic drives, con- 
trols, systems 

@ Hydraulic or pneumatic systems, 
drives, controls 

@ Materials and finishes selection or 
specification 


Design for manufacture or produc- 
tion design 


Our headquarters are in Cleve- 
land. There is opportunity for 
travel to engineering mectings, ex- 
positions, and manufacturing com- 
panies. Salary will depend on your 
background and experience. 


If you are interested, send a re- 
sume of your engineering back- 
ground, and any evidence you may 
have of writing ability (we'll re- 
turn this if you wish) to: Editor, 
Macuine Desicn, Penton Bldg., 
Cleveland 13, Ohio. 


MACHINE 
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it well adapted for service as a 
prime mover for controlling valves, 
temperature, machine-tool carriages, 
and similar automatic or semiauto- 
matic applications. Unit can be 
started, stopped, or reversed in- 
stantly with a_ single-pole, three- 
position switch. Ratings are: Input 
120 v, 40/70 cycles, single phase, 
0.6 amp maximum current (at 60 
cycles); 72 rpm output speed at 60 
cycles; 250 oz-in. torque. Superior 
Electric Co., Dept. SS, 83 Laurel 
St., Bristol, Conn. 

Circle 653 on Page 19 


Speed Reducer 


provides output speeds 
from 1.9 to 70 rpm 


MW109 Ratiomotor, worm-geared, 
horizontal, parallel-drive model, is 
powered by specially designed 1/20 
or 0.035-hp motors. It provides out- 





put speeds from 1.9 to 70 rpm and 
is available as a standard stock mod- 
el. Boston Gear Works, Quincy 71, 
Mass. 

Circle 654 on Page 19 


Silicon Power Rectifiers 
have high reliability in 


environmental extremes 


Combining a high forward-current 
rating of 400 ma with extremely 
small size, low-cost subminiature 
silicon rectifiers utilize Tri-Seal con- 
struction which assures high reli- 
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WEARING SURFACES 


for longer chain life 
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parts are specially heat treated 
and tempered to insure great 
strength and ductility. 

Maximum hardening of all 
wearing surfaces on ACME Chains 
is conducive to longer life, result- 
ing in greater economy and lower 
maintenance cost. 


Special hardening of pins, bush- 
ings and rollers help insure maxi- 
mum life expectancy of ACME 
Roller Chains. All parts subjective 
to articulation have glass-hard 
wear-resistant surfaces to render 
eminent life expectancy. The side 
plates or links which act as con- 
necting members for articulating 


Your local distributor has a complete line of ACME Chains 
and Accessories on hand for immediate delivery. Call him. 


Write Dept. 6-F 

for new 100-page 
illustrated technical 
catalog including new 
engineering section 
showing 36 methods of 
chain adjustments. 








HOLYOKE 
MASSACHUSETTS 





COMPLETE LINE OF ROLLER CHAINS AND SPROCKETS + DOUBLE PITCH 
, STAINLESS STEEL CHAINS + CABLE CHAINS + 
COUPLINGS + STANDARD AND SPECIAL ATTACHMENTS 


CONVEYOR CHAINS + 


FLEXIBLE 
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(PAW NIUITa 


LOCK NUTS and FASTENERS 









3 Ways to 
Slash 


with 
PALNUT’ 


LOCK NUTS 
and 
FASTENERS 


1. Save on First Cost 
PALNUT Lock Nuts and Fasteners 


are precision-produced in enormous 
volume at exceptionally low cost. 
They are priced lower than other 
locking methods, often less than 
plain nuts. 


2. Save on Assembly Cost 


PALNUT Lock Nuts and Fasteners 
apply easily and fast with ordinary 
tools. Assembly is greatly simplified 
and speeded-up by using PALNUT 
magnetized sockets and applicators 
which permit picking up, starting 
and tightening in one high-speed 
operation. 


3. Save auxiliary parts 
and operations 


A single PALNUT Lock Nut or 
Fastener replaces two, three, even 
four fastening parts according to 
application. You can eliminate lock- 
washers, flat washers, sealer washers 
and cotter pins. You can save the 
extra cost of threading, drilling or 
grooving other fastening members. 
Assemblers handle a single PALNUT 
—reducing parts to buy, stock and 
assemble. 








~ \ PALMUT LOCK NUTS 
‘ y for threaded members 
re 


Spring tempered steel lock 


nuts exert double locking 
action to keep parts tight. 








PUSHNUT® FASTENERS 


for unthreaded studs 
s and rod 


j Simply push on for fast as- 
: sembly. Strong spring grip 
holds parts tight. 








PALNUT SELF-THREADING NUTS 


Make their own threads while tightening on 
unthreaded studs, rod and pins of any mal- 
leable material, Save cost of threading — 
apply fast —hold tight. 


Write for latest catalog and free samples, stating type, size and application. 


Also consult Swent's Design File. 





THE PALNUT COMPANY 
DIVISION OF UNITED-CARR FASTENER CORPORATION 
75 Glen Road, Mountainside, N. J. 
Canada: P. L. Robertson Mfg. Co., Lid., Milton, Ont. 


Circle 518 on Page 19 
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ability in environmental extremes. 
Electrical specifications include re- 
verse leakages of only 1 mu amp at 
rated peak reverse voltage at 25C, 
maximum voltage drop of | v at rat- 
ed current, and surge-current capa- 
bilities of 3 amp over operating tem- 
perature range from 65 to 
+130C. Designated Types X4M2 
through X4M6, units provide a 
peak-reverse-voltage range from 225 
to 600 v, and are capable of high- 
temperature operation. Interna- 
tional Rectifier Corp., 1521 E. 
Grand Ave., El Segundo, Calif. 
Circle 655 on Page 19 


Cabinet Handles 


for many types of 
metal enclosures 


Two new designs in multiuse cabi- 
net handles consist of a lever style 
(left), and a tee style. Handles are 
designed for cabinet doors, machin- 
ery housings, electronic data-proc- 





essing units, and many other types 
of metal enclosures. Corbine Cabi- 
net Lock Div., American Hardware 
Corp., New Britain, Conn. 

Circle 656 on Page 19 


Silicone Rubber 


contains heavy 
metal particles 


Cohrlastic HG silicone rubber com- 
bines a high percentage of heavy 
metal particles, finely divided and 
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uniformly dispersed, in silicone rub- 
ber. Properties of the metal-filled 
silicone rubber include broad tem- 
perature range (—85 to +500 F); 
extremely good ‘resistance to weath- 
er, ozone, and ultraviolet light; un- 
usually uniform shielding against 
x-rays or other high-energy radia- 
tion; good electrical resistance prop- 
erties; high specific gravity; a re- 
silient and flexible rubbery ma- 
terial. Material can be processed in 
the same manner as normal rubber 
compounds, including molding, ex- 
trusion, calendering, and as a coat- 
ing on fabric. Connecticut Hard 
Rubber Co., Dept. 5137, 407 East 
St., New Haven, Conn. 

Circle 657 on Page 19 


Silicone Additive 


is thinner for 


RTV silicone rubber 


Silastic RTV Thinner is a fluidlike 
silicone additive which adjusts and 
controls the viscosity of RTV-type 
silicone rubbers. Material makes it 
possible to increase the flowability 
of uncured RTV silicone rubbers 
without affecting their performance. 
Using the new thinner, it is possible 
to reduce the viscosity of Silastic 
RTV rubber by as much as 75 per 
cent of its original consistency with- 
out significant changes in the phy- 
sical properties of the fully vulcan- 
ized rubber. Thinner permits user 
to maintain a Silastic RTV system 
that is free of volatile solvents. Dow 
Corning Corp., Midland, Mich. 
Circle 658 on Page 19 


Teflon Dry Seal 


can be used on a 
variety of materials 


Teflon tape for dry sealing all types 
of threaded pipe joints and thread 
ed cable connectors can be used on 
a wide variety of materials includ- 
ing steel, iron, brass, plastic alumi- 
aum, Monel, and synthetic rubber. 
Tape is unaffected by temperatures 
from 250 to +500F, and is 
chemically inert. Designated Wrap- 
It, it is supplied in 14-in. widths in 
ten standard colors. Hitemp Wires 
Inc., 1200 Shames Drive, Westbury, 
N. Y. 

Circle 659 on Page 19 


August 4, 1960 193 


Adjustable Diameter and Open 


THOMSON 


BALL BUSHINGS 


v, 


Precision Series ‘‘A’’ and 
Low Cost Series ‘‘B’’ BALL BUSHING 


Sliding linear motions are nearly always 
troublesome. Thousands of progressive 
engineers and designers have solved this 
problem by application of BALL BUSH- 
INGS on guide rods, reciprocating shafts, 
push-pull actions, or for support of any 
mechanism that is moved or shifted in a 
straight line. 

Improve your product! Up-date your 
design and performance with Thomson 
BALL BUSHINGS! 


Adjustable Diameter 
BALL BUSHING 
for Zero Clearance 


~w LINEAR MOTIONS 
for all your 


Open BALL BUSHING 
for Zero Clearance on 
Supported Shafts 


LOW FRICTION - ZERO SHAKE OR PLAY 
ELIMINATE BINDING AND CHATTER 
SOLVE SLIDING LUBRICATION PROBLEMS 
LONG LIFE - LASTING ALIGNMENT 


The various types cover a shaft diameter 
range of s° to 4”. Small sizes available 
in Stainless Steel. Write for literature and 
name of our representative in your city. 


THOMSON INDUSTRIES, Inc. 


Dept. E, MANHASSET, NEW YORK 


Circle 519 on Page 19 


Also Manufacturers of NYLINED Bearings .. . Sleeve Bearings 
of DuPont Nylon, and 60 CASE...Hardened and Ground Steel Shafting 
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Your parts last longer when they're 


SHENANGO CENTRIFUGAL CASTINGS 


Your machine parts, ferrous or non-ferrous, are subject to 
- SO 
. and see what a difference this makes! 


stress, strain and friction, day after day, year after year . . 
specify Shenango. . 

Shenango’s centrifugal casting process insures longer life 
because of finer, more uniform, pressure-dense grain to begin 
with free of inclusions, porosity, blowholes and other 
weakening defects. Then, far less machining is needed and 
your part is stronger ...to last and last end Jast! 

Shenango’s modern and fully-equipped shops will supply 
you with ferrous or non-ferrous symmetrical parts in virtually 
any shape or size . rough, semi-machined or precision- 


finished to your most exacting specifications. For full details, 


write: Centrifugally Cast Products Division, The Shenango 
Furnace Company, Dover, Ohio. 





CENTRIFUGAL 


COPPER 
MONEL 


TIN, LEAD 
METAL «+ Ni 


ZINC BRONZES 


ALUMINUM AND MANGANESE BRONZES 


RESIST MEEHANITE METAL + ALLOY IRONS | 


Circle 520 on Page 19 


ENGINEERING 
DEPARTMENT 


EQUIPMENT 


Lead Dispenser 


has spring-action feed 


Improved Ejectomatic lead dispenser 
feeds lead automatically to the 
holder without the need of handling 





the lead. Improved version sub- 
stitutes a spring-action feed in place 
of the gravity feed formerly used. 
It makes lead replacement and ex- 
change quicker and more conveni- 
ent. All 17 degrees of drawing leads 
are packed in the dispenser. Koh-I- 
Noor Pencil Co., Bloomsbury, N. J. 

Circle 660 on Page 19 


Drafting Tables 


have maximum board size of 


43\%, x 84 in. 


Four-post hardwood drafting tables 
with steel drawers that never stick, 
warp, or swell, and hardwood ped- 
estal drawing tables with positive- 
lock tilt to prevent board slippage 
comprise Woodmaster line, fur- 
nished in 11 models. Solid bass- 
wood drawing board tops are kiln- 
dried, smoothly finished, sealed, and 
lacquered. Zinc-plated steel end 
cleats protect board ends and allow 
for expansion and contraction. Ny- 
lon glides assure smooth, quiet op- 
eration of steel drawers of four-post 
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drafting tables. Five models have 
board sizes from 37% x 48 to 43! 
x 84 in. Positive lock tilt on ped- 
estal tables keeps board tops steady 
under pressure and eliminates need 


for constant adjustment. Six ped- | 


estal models have board sizes from 
31 x 42 to 4314 x 84 in. Stacor 
Equipment Co., 295 Emmet St., 
Newark 5, N. J. 

Circle 661 on Page 19 


Copying Machine 
has speed to 40 fpm 


Improved tabletop model of Oza- 
matic whiteprint copying machine, 
called Ozamatic 60, offers five new 
features. Included are: Faster speed, 
up to 40 fpm; better stacking of 
originals and prints due to a new 
roller drive; larger feedboard for 
better paper handling at the ma- 
chine; easier feeding of prints due 
to feed belts positioned closer to 
the operator; easier cylinder clean- 
ing inside, outside, and while the 





Ozamatic 


in motion. 
60 copies single-side originals up 
to 15 in. wide by any length. It 
produces anything typed, printed, 


machine is 


written, or drawn on translucent 
paper, film, or tracing cloth. Print- 
ing and development are synchro- 
nized into one continuous operation. 
Developer screen of perforated Tef- 
lon provides a frictionfree surface 
that eliminates print scratching or 
soiling. Unit is a dry-process white 
printer which eliminates the neces- 
sity of mixing chemicals or regu- 
lar washing out of the developer 
chamber. All machine controls are 
located on the front panel within 
easy operator reach. Unit operates 
on 115 v ac, 60 cycles, single phase. 
Ozalid Div., General Aniline & 
Film Corp., 49 Corliss Lane, John- 
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A “PLUS VALUE” IN ANY PRODUCT 


equipped with 





Gears and Differentials 


FAIRFIELD 
GEARS 


GEARS to match the speed, size, and 
power of modern machines are a 
Fairfield specialty. This is possible 
because Fairfield is a leader in utilizing 
the most advanced methods, machines, 
and techniques for producing better 
gears. By specializing exclusively in 
“Fine Gears Made to Order”, Fairfield 
has become one of America’s largest 
independent producers of these parts. 


If you use gears in the product you 
make, we believe it will pay you, as it 
has others, to become acquainted with 
FAIRFIELD—the place where fine 
gears are produced to meet your 
specifications EFFICIENTLY, ECO- 
NOMICALLY! Fairfield’s production 
facilities are unexcelled. Call or Write. 


FAIRFIELD MANUFACTURING 


CO., INC. 


2307 South Concord Road °* Lafayette, 
TELEPHONE: 2-7353 


Indiana 











Made to Order for: 





TRACTORS * HEAVY DUTY TRUCKS «© AGRICULTURAL MACHINERY * POWER SHOVELS AND CRANES 
MINING MACHINES # ROAD GRADERS © BUSES © STREET SWEEPERS © INDUSTRIAL LIFT TRUCKS 


son City, N. Y. 
Circle 662 on Page 19 
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Theme Tower 
Symbol of 

the 1960 
Metal Shou 


Learn a lot 
about design 
at the 


NEW 
METAL 
SHOW! 


The problem of keeping abreast of new 


developments in today’s rapidly changing 


technology is always difficult. The Metal 
Show, through its audio-visual presenta 
tions of current advances in knowledge, 
presents a tirme-condensed package for 


those interested in 


metals ngineering 


an processing 


R. F. Thomson, Head 
Metallurgical Engineering Dept. 
Research Laboratories 
GENERAL MOTORS CORP. 






Center of metals and materials 
design technology — the 1960 
Philadelphia Metal Show! 
Here's your opportunity to see, 
hear, learn and profit to 
increase your design engineering 
knowledge in the world of metals. 
This year, a new emphasis on 
metals and materials, processes 
and techniques will create 
a Metal Show that’s truly 
exciting and different. You can 
see 300 exhibits and hear 250 
technical papers. Urge your friends 
to go -- PLAN NOW TO ATTEND! 





October 17-21 


NATIONAL METAL 
CONGRESS and .» 
EXPOSITION 


Philadelphia Trade & Convention Center 


Sponsored by the 
AMERICAN SOCIETY FOR METALS 


Metais Park + Novelty, Ohio 
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Recent Books 


Fundamentals of Rocket Propulsion, By 
Raymond E. Wiech Jr. and Robert F. 
Strauss; 135 pages, 614, by 91% in., cloth- 
bound; published by Reinhold Publishing 
Corp., 430 Park Ave., New York 22, N. Y,; 
available from Macuine Desicn, $5.50 
per copy postpaid 

Operating fundamentals, design 
of componeits, and methods of ap- 
plications of rocket engines are 
thoroughly covered. Design infor- 
mation includes basic laws covering 
rocket engine design, design and 
operation of current engines, and 
the need for and probable design 
of future engines. 

All basic rocket formulas are de- 
rived from algebra rather than cal- 
culus. Many new terms are ex- 
plained, and uncommon rocket de- 
vices are illustrated and discussed. 


Colour in Industry Today. By Robert 
F. Wilson; 90 pages, 7 by 10 in., cloth- 
hound; published by The Macmillan Co., 
60 Fifth Ave., New York 11, N. Y.; avail- 
able from Macuine Desicn, $8.00 per 

A practical treatment of the func- 
tional use of color is presented. 
Psychological effects of color combi- 
nations in the design of machines, 
factories, schools, and commercial 
establishments are discussed. A 
chapter is devoted to the important 
relationship between color and light. 


Association Publications 


Proceedings of the Engineering Ma- 
terials and Design Conference—Earls 
Court London. 232 pages, 8 by 13 in, 
paperbound; published by and available 
from Heywood & Co. Ltd., Drury House, 
Russell St., London, W. C. 2. 

Recent developments in the field 
of engineering materials and design 
were discussed in twenty papers. 
Topics included standards, rein- 
forced plastics, industrial design, 
safety, photoelasticity, powder met- 
allurgy, rotating shaft seals, high- 
pressure hydraulic equipment, vac- 
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VOLUME II 
ENGINEERING 
AIDS 


© Simplifying Constructions 
® Utilizing the Slide Rule 
© Construction Aids 


® Shortcuts for the Engineer 


Helpful Tips and Techniques 
that apply to engineering meth- 
ods, are now available in this 
one-volume reference. This man- 
ual contains 32 pages of illus- 
trated time-and-money saving 
procedures that every engineer 
can use. 


$1.00 a copy 


Order {rom 
MACHINE DESIGN 


Reader Service 
Penton Building 
Cleveland 13, Ohio 


(Remittance or Company Pur- 
chase Order must be enclosed 
with order) 








Macuine Desicn 
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uum-melted materials, and design 
of rubber components. 


Elevated - Temperature Properties of 
Chromium Steels—STP 228. By Ward 
and Howard C. Cross; 124 
pages, 8'4 by 11 in., paperbound, stapled; 
published by and available from Ameri 
can Society for Testing Materials, 1916 
Race St., Philadelphia 3, Pa.; $4.25 per 
copy 

Strength properties of 23 chro- 
minum steels at temperatures up to 
2400 F are presented. Data include 
tensile strength, yield strength, 
elongation, and rupture and creep 
properties. Chromium content 
ranged from 12 to 27 per cent. 


F. Simmons 


Government Publications 


OTS Technical Reports. Copies of re- 
ports listed below are available from 
Office of Technical Services, U. S. Dept. 
of Commerce, Washington 25, D. C. 


PB 161262. Fundamental Investigations of 
Electrical Power Sources: Volume IIl—Bat- 
teries. By E. J. Hellund, Piasmadyne Corp.; 
97 pages, 8 by 10% in., paperbound, stapled; 
$2.25 per copy. 

Performance characteristics, structure, power- 
weight ratios, and power-volume ratios of 
chemical and ‘nuclear’ batteries are surveyed 
Performance data on various battery types 
include whr per lb, whr per cu in., reliability, 
behavior at low temperatures, and adaptability 
for particular kinds of service. 


PB 161266. Transistorized Power Supplies— 
A Literature Survey. By Floyd Allen, Diamond 
Ordnance Fuze Laboratories; 23 pages, 8 by 
10% in., paperbound, stapled; $0.75 per copy 

This survey shows how to use various elec- 
trical converters to best advantage to get high 
voltages from a low-voltage dc power supply. 
Efficiencies of transistorized converters, vi- 
brator-transformer converters, and dynamotors 
ire compared. Examples are given of func- 
tional circuits using power transistors as con- 
trolled switches. 


PB 161274. High Energy Rate Metal Form- 
ing—Report No. 5. By A. F. Watts and G. N 
Rardin, Lockheed Aircraft Corp.; 267 pages, 
8 by 10% in., paperbound, stapled; $4.00 per 
copy. 

Results of high-explosive forming tests on 
two steel and two titanium alloys are de- 
scribed. Strain rates, velocities, and tempera- 
tures were measured. Metallurgical effects of 
materials subjected to high strain rates were 
observed. 


PB 161297. Statistical Evaluation of Data 
from Fatigue and Creep-Rupture Tests: Part 
1—Fundamental Concepts and General Meth- 
ods, By Waloddi Weibull, Bockamollan, Bro- 
sarps Station, Sweden; 80 pages, 8% by 10% 
in., paperbound, stapled; $2.00 per copy. 

Metal fatigue tests are classified according to 
short-life, medium-life, and long-life stress 
levels. Possibilities for estimating distribution 
parameters are examined. 


PB 161302. Materials-Property-Design Cri- 
teria for Metals: Part 8—The Creep Behavior 
of Selected Materials in the Range up to Il 
Per Cent Net Creep Strain and 1000 Hours. 
By R. J. Favor, W. P. Achbach, and H. J. 
Grover, all from Battelle Memorial Institute; 
30 pages, 8% by 10% in., paperbound, stapled; 
$0.75 per copy 

Creep data on aircraft structural materials 
were compiled and evaluated. Time-deforma- 
tion curves and creep data are presented in 
charts calibrated by time in minutes and 
deformation rate in per cent. 


PB 161354. Temperature Conversion Tables. 
By Wayne A. Brodhecker and Numerical 
Mathematics Staff, U. 8S. Naval Avionics Fa- 
cility; 80 pages, 8 by 10% in., paperbound, 
side-stapled; $2.25 per copy. 

Tables for converting degrees F to degrees C 
are presented with three-place accuracy for 
temperatures from —100 F to +300 F. Tables 
were calculated on an IBM 650 computer. 
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TODAY AND TOMORROW 


whatever may be your problems 


BUNTING. 


Cast Bronze Alloys. ..Powdered Sintered Metals. . .Bearing Aluminum Alloys 











Why pay more for a bearing or part than you have to? 
Let Bunting help you get your requirements down on the 
lowest cost level compatible with adequate performance. 


Today and tomorrow “‘the best” bearing means one that will 
do the job at the lowest possible cost. 
Let Bunting help you find the best bearing. 


Bunting offers a highly competent 


designing, engineering and manufacturing facility operating 
in the field of bearings and special parts. 


All modern proven materials are available, others are under 
study. Two plants with advanced equipment—of our 
own design—assure absolute production control 


and lowest manufacturing cost. 


Let us re-examine your current bearing applications, or 
work with you on new requirements. Send in your prints 
for study and pricing. No cost or obligation. 


The great and diverse cost advant- 
ages of powder metallurgy are 
revealed in the highly complex 
nature of this bearing support plate 
for power tools made in Bunting’s 
Powdered Sintered Metals Plant. 


An. Aluminum Alloy helped cut the 
cost of this high, speed turbo super 
charger bearing with its 
machining of many dimensions and 
close tolerances. 


intricate , 


3 


4 


Bunting exclusive methods and equip- 
ment reduced to the minimum the 
cost of this cast bronze spindle bearing 
with its extremely rigid specifications 


This connecting rod demands a fine 
profilometer reading on the finish of . 
the bores in the two holes, axes of 
which must be parallel to each other 
within extremely close limits. Bunting 
makes such high precision work feasi- 
ble cost-wise. 


MACHINING SERVICE: Emergency service machine shops in Bunting Branches are there to render 
immediate low cost service on bearings or parts needed for experiment or maintenance. Your 


local Bunting Distributor can arrange for such service. 


No. 1...ENGINEERING 





gree" No. 46—TECHNOLOGY 


No. 158—GENERAL 





HANDBOOK OF OF BUNTING CATALOG—Complete 
Write POWDER BEARING listings of Cast Bronze 
METALLURGY—A ALUMINUM—A and Sintered Bronze 
for Heong comprehensive technical treatise Stock a. and Bars 
a technical treatment of on the composition and Bunting Bearing 
these: engineering and and machining Aluminum Bars available 
manufacturing of of Bearing from stocks of loca’ 
sintered metals, Aluminum distributors all over 
bearings and parts. Bar Stock. America. 


THEB UN Ti NG Brass and Bronze Company -Toledo 1, Ohio. Phone EVergreen 2-3451 
BEARINGS, BUSHINGS, BARS & SPECIAL PARTS OF CAST BRONZE, SINTERED METALS OR ALUMINUM ALLOYS 
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UNDERWRITERS’ 
LISTED 


CHICAGO ACE) 
PIN TUMBLER LOCKS | 


©, 
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z. 





No, 4903 






No. 4904 









No, 4925 






; No. 4905 


Here is the only line of locks listed by Underwriters’ 
Laboratories. The unique ACE Locks provide the 
maximum in mechanical security. Over 80,000 key- 
ing combinations are possible so that you may have 
your own factory-registered tumbler set-up. For 
technical details on models available for various ap- 
plications, write for Switch Lock Bulletin UB 501, 





CHICAGO LOCK CO. 


2054 N. Racine Avenue * Chicago 14, Illinois 
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Fluid-Stabilized Are Mechanism 


Delivery of high-temperature plasma for extended 
periods is achieved by a fluid cooling system and selcc- 
tive control of the arc. A fluid, as water, surrounds 
the swirl chamber under pressure. Ports allow the 
fluid to enter the swirl chamber in the manner of a 
vortex. When the arc between the electrode and the 
electrode nozzle is struck, the fluid in the swirl cham- 
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ber condenses or constricts the arc. Part of the fluid 
boils away and is ejected with the plasma through the 
nozzle electrode. Patent 2.943,182 assigned to General 
Electric Co. by John W. Prout, Noel J. Sheehan, and 
James W. Reid Jr. 


Motion-measuring system uses a pair of radiation 
pickups and a picce of radioactive material to detect 
motion of inaccessible parts, such as a wheel within 
a turbine casing. The piece of radioactive material is 
fixed to the wheel. The two pickups are placed so as 
to be in alignment with the radioactive material at 
one position in a revolution. They are also inter- 
connected with a rate meter which registers revolutions 
only when both pickups receive radiation impulses si- 
multaneously. Additional pairs of pickups, similarly 
aligned and connected, permit the charting of the mo- 
tions of more than one body in the same enclosure. 
Patent 2,939,013 assigned to General Motors Corp., 
Detroit, by Alexander Somerville. 


Air-Suspension Flow-Ratio Valve 


Dual diaphragms and blocker-valve assemblies, with- 
in a flow-ratio valve, provide rapid flow of air to and 
from the leveling valves for air springs. When the load 
on the springs increases, the blocker valve uncovers 
high-pressure ports to admit rapid flow of air to the 
leveling valves. When the load decreases, an opposing 
blocker valve uncovers low-pressure ports to allow air 
to flow rapidly from the leveling valves. When the load 
is constant, or nearly so, both blocker valves remain 
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-ratio blocker valve 
Low tank 
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spring )sering 


High pressure tank 
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closed; flow to adjust differences in pressures occurs 
through connecting orifices. A greater difference in 
pressure is required to unseat either blocker valve than 
that needed to keep it scated. Patent 2,939,725 assigned 
to General Motors Corp., Detroit, by Robert W. 
Graham. 


Air-Operated Clutch-Brake Mechanism 


Clutching, de-clutching, and braking a power-driven 
shaft requiring start-stop operation are accomplished by 
three disc-type friction assemblics. Movement of the 
piston to the left under air pressure sequentially en- 







Dent eA Main clutch 
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Brake Supplemental 
ey. 2 clutch 
V) (ree 
Start- stop 
driven shaft {E 










Piston 


Constantly rotating 
driver 





gages the supplemental friction clutch, releases the 
brake, and engages the main clutch. The pickup in 
torque is gradual. Upon release of the air pressure the 
clutches are disengaged and the brake is set by springs. 
Patent 2,942,708 assigned to Industrial Clutch Corp., 
Waukesha, Wis. by Clarence M. Eason. 


Force-Responsive Electrical Device 
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A semiconductive material such as germanium forms 
the torsion element of an electrical device for strain 
measurements. The torsion element has three pairs of 
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NEW! 


A “SHEAR SEAL” VALVE 


for LESS than a spool valve 
RATED FOR 3000 P.S.I. OIL SYSTEMS 


$6590 


List Price* 
for a 34” valve 






























*Less the usual 0.E.M. 
and quantity discounts. 


FOR EITHER 
PANEL MOUNTING 
OR BRACKET MTG. 
THREADED BOSSES 
ARE PROVIDED 


OW HANDLE LOAD 
—PRESSURE LOAD 

CARRIED BY 
ROLLER THRUST BEARING 


, 
PY 
4 Ve 
{ te 
4° 
A A 


EXCELLENT THROTTLING 
— COMPLETE CONTROL 
— GRADUAL OR 
QUICK OPENING 

— NO SURGES 


YEARS OF 
LEAKPROOF 
MAINTENANCE-FREE 
SERVICE 

— SPRING COMPENSATES 
FOR NORMAL WEAR 


MORE FLOW 
THRU UNOBSTRUCTED 
ROUND FLOW PASSAGES 


NO EXTERNAL LEAKAGE 
— PRESSURE IS CONFINED 
TO FLOW PASSAGES 





CONTROL VALVE DIVISION 
i / 
"4 arksdale valves 
5125 ALCOA AVENUE © LOS ANGELES 58 © CALIFORNIA 
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Versatile 
Quick-Dumyp’ 


Valves Provide 


NEW FLEXIBILITY 


In Designing 


Pneumatic Controls 
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(Een, AT REAR 
Ywrr) 
Same Basic 
Valve Design 
Used in ie STANDARD ROUND BODY 
“QUICK-DUMP” VALVE 
All Models 4 For In-Line Mounting 
4 PULOT ACTUATOR INTAKE ner 
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SQUARE BODY 
“QUICK-DUMP” VALVE 


———_— oo 





<i, For Mounting on Manifold 
‘ i, 
a 5 eA be. 
Choice of Manual, “(3S , 
Electric, Piloted \ 2A \) Nw 2a 
Operation 


= Ra : 
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NEW CARTRIDGE TYPE 
“QUICK-DUMP” VALVE For 
inserting Internally in Manifold 





Com 
tingle 


Standard 
“Quick-Dumps” 


Ph mpArey PRODUCTS DIV. 
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electrical contacts. Two of these pairs are used to in- 
troduce biasing currents. The third pair indicates an 
output voltage in proportion to the degree of strain to 
which the element is subjected. Patent 2,939,317 as- 
signed to Bell Telephone Laboratories Inc., New York, 
by Warren P. Mason. 


Magnetic Pressure Indicator 

Pressure differences greater than a predetermined 
value are detected by magnetic attraction. Two mag- 
netic elements are held against a common diaphragm 
by a coil spring (the larger), the outlet pressure and 
magnetic attraction. Inlet fluid pressure acts on the 




















larger magnetic element in the manner of a piston. 
When the difference between the inlet and outlet 
pressures exceeds the spring pressure, the piston ele- 
ment is separated from the diaphragm. The second 
magnetic element is free to move and serves as the in- 
dicator. Patent 2,942,572 assigned to Pall Corp., Glen 
Cove, N. Y. by David B. Pall. 


Miniature switch mechanism is operated by a mag- 
netic field. The switch contacts are sealed inside a 
cylinder, which can be as small as 3/16 in. diam by 
5/16 in. long. Magnetic attraction brings the contacts 
together when the switch is properly oriented between 
the poles of a magnet. Voltage and current are low, 
being in the order of 1/10 volt or less and a few micro- 
amperes, respectively. Patent 2,932,703 assigned to 
Hughes Aircraft Co., Culver City, Calif. by Ernest R. 
Haberland. 


Sonic-Pressure Measuring Device 


Parallelogram linkage, counterweighted and balanced 
to swing like a pendulum, carries a target for the recep- 
tion of radiation pressure from a sound transmitter. 
Sound waves are generated within a chamber filled 
with degasified water. They emerge from the chamber 
through a diaphragm to strike the target, which is 
deflected through an arc in proportion to sound pres- 
sure. The thickness of the diaphragm is gaged in half- 
wave lengths of the speed of sound within the dia- 
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phragm material. Patent 2,939,542 assigned to the 
Birtcher Corp., Los Angeles, by Robert A. Weller and 
Horace T. Finch. 


Reciprocating Fluid-Motor Valve 

Two-way control of the reversing valve in a re- 
ciprocating fluid motor is provided by a pilot-valve 
system and a rocker-arm shifting mechanism. At low 
speeds, the pilot valve provides snap-action reversal of 
pressure from one face of the piston to the other at 











the end of piston travel. At high speeds, the rocker-arm 
mechanism effects reversal before the pilot-valve sys- 
tem can build up sufficient pressure to act. The same 
shuttle positions both mechanisms for operation at the 
end of piston travel in either direction. Patent 2,939,433, 
assigned to Stewart-Warner Corp., Chicago, by Earl 
Feicht. 


Engine-Starter Ratchet Assembly 

















Mechanical advantage during manual starting of small 
engines is provided with a pulley of variable radius. 
In between the pulley and the engine is a ratchet de- 
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RY SWITCH 


Its broad applicability is an important feature of 
Superior’s new rotary switch. Its flexible basic design 
enables it to be used advantageously on existing cycling 
equipment; also makes it adaptable to many O.E.M. 
applications. The switch shuts off power at the end of 
each cycle and automatically starts the cycle unless 
interrupted. Safety is a bonus feature with a new high 
attained in dependable, long ring life. .. Send us your 
current requirements and other data for our quotation. 
& 


Superior’s wealth of experience in powder metallurgy 
insures the right selection of brush, ring and insulation 
materials to fit your 
electrical specifica- 
tions. For the first 
time in this type of 
switch, arcing and 
subsequent material 
breakdown are defi- 
nitely retarded. 
Photo at right shows 
rings after having 
operated 2,000,000 
cycles. 





& uperlor sage CER 


9115 GEORGE AVENUE - CLEVELAND 5, OHIO 


BRUSHES *« CONTACTS « SLIP RING ASSEMBLIES 


POWDER METAL PARTS « MECHANICAL CARBONS 
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vice that properly positions the pulley to the engine for 
starting. As the engine piston or pistons approach the 
positions of maximum compression, the radius of the 
starting pulley increases to equalize the manual pull 
required. Patent 2,942,599 assigned to Outboard Marine 
& Manufacturing Co., Waukegan, Ill. by Finn T. Irgens. 


Pressure-Balanced Pump 
or inpias ee oe 
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| 
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Eccentrically meshing rotors in a gear-type pump 
operate under balanced pressure forces, particularly in 
the direction parallel to the axis. This balance is pro 
vided by several pressure-equalizing passageways. The 
gears mesh in such a manner that flow of liquid to and 


For your Vacuum and 


‘Pressure Applications... 









Get these 
Exclusive Advantages 


of LEIMAN 
HINGED VANE DESIGN! 


The time-tested design and quality con- 
struction of Leiman Air Pumps improve 
your machine operation—provide your 
customers with “Lifetime” durability and 
freedom from troubles and _ repairs 
Proved by more than half a million in- 
stallations. If your equipment now uses 
air pumps—if your new designs require 
air pumps, contact us for engineering 


assistance and data on Leiman Air Pumps 


LEIMAN BROS., Inc. 


158 Christie St., Newark 5, N. J. 
Established 1887 


from the pockets is nowhere compressed by entrapment 
beyond the outlet pressure. Patent 2,940,399 assigned 
to Symington-Wayne Corp., Salisbury, Md. by Clifford 
V. Zieg and Robert D. Lambert. 


Cone Brake Assembly 

Small high-capacity brake assembly has a V-groove 
drum and external, floating, circular-segment shoes. 
Inward radial movement of the shoes to engage the 


























drum is effected by either a cam mechanism or a hy- 
draulic cylinder. Disengagement is effected by springs. 
Patent 2,940,550 assigned to Rockwell-Standard Corp., 
by George P. Mathews. 





S\ 


e Four Curved Vanes scoop 
up large volumes of air. Easy- 
action hinges enable vanes to 
open and close by centrifugal 
force. 


e Cast Iron Vanes and Cyl- 
inders are precision-machined, 2 
then hone themselves to hard, : 
| glassy smoothness during opera- 

tion—take up their own negligi- 
| ble wear —assure leakproof seal 
and fully-rated capacity for 
years and years. ; 


e Extra-large Air Space 
provides 2 to 3 times more 
capacity per pump, permits use 
of smaller pump. 





e Minimum Maintenance be- 
cause simplified design has fewer 
moving parts—no gaskets or 
packing —no composition vanes 
to replace. 


e Also quiet operation—even 
air flow— every pump subjected 
to long test runs before shipment. 


iin bs ania lO oii. 
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Rotary Positive 


AIR PUMPS 


LEIMAN 





Write for new catalog showing construction, types, 
sizes and specifications, plus Application Book containing 
many “how-to-do-it” blueprints. 
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NEW! 
UNIVERSAL 


DRIVE 
TENSIONER 


_ Takes up slack in chain and belt drives.. 
\ Easy to adjust for fine control tensioning 


Model-25S: $1500 


EXACT TENSIONING 
with adjusting slot | Reduce horsepower losses through 


a belt slippage , eliminate shock load- 
OKO ing on chain drives, increase the 
life of your equipment with the 
Universal Drive Tensioner. Two bolt 
mounting makes it more adaptable 
to machine frames. For single drives 
2” long shaft furnished . . . also 
available are 3” and 4” long shafts 
for multiple width drives. This unit 
is also ideal as idler bracket in gear 
train. Contact your distributor or 
write... 





Rotating arm per- 
mits controlled 
tensioning at any 
point on a 360 
degree arc, with- 
out changing 
base. 


BREWER MACHINE & GEAR CO. 


1441-43 N. 2nd St., St. Louis 6, Mo. 
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Patent Pending 


BIG LINE-UP 
BIG PERFORMANCE 


Johnson Solenoid Valves are built 
for heavy duty service... han 
dling, air, water, steam, heavy vis- 
cous liquids. No pilots or pistons; 
powerful leverage design opens 
smaller valves against 250 Ibs. 
Because of the remoteness of the 
solenoid, temperatures up to 
400° F. are easily handled with- 

out adverse effect on the sole- 
noid coil. Bodies are bolted / 
together. Explosion-proof 
models also. 








Normally closed service, stainless 
steel valve and seat. Sizes ¥"’-3"’. 
Also for normally open service, and 
with Jenkins Disc. 


al! / la 43! ——ay 

|) = hae 

‘ re r || / nee ai, 
G2 be | all Coo th 7 
en j ial. 
toe “4 / oh 


Dashpot construction, cushions closing 
to avoid water hammer. Jenkins Disc. 
Sizes 3%4"'-2” 


Sizes Y/2"'-1V/2 
A Write for Bulletin ““V” 
@ THE JOHNSON CORPORATION 
=~ 811 Wood St., Three Rivers, Mich. 


3-way valve. Stainless 
steel valves and seats. 
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kkk NEW xk 
FROM BENDIX 


A VERSATILE MIDGET BRAKE FOR 
SUCH VARIED USES AS... 





Size: 6” x 14” 
Torque capacity: 
3,250 in. lbs. 


* MACHINE TOOLS 
* BAND SAWS 
* INDUSTRIAL TRUCKS 
CONVEYORS 
* WINCHES 
LIGHT VEHICLES 


Versatile design for a wide range of 
industrial applications. 

Simple mechanical operation insures 
dependable brake control under the most 
rugged conditions. 

Featherweight construction packs extra 
capacity into less than four pounds of brake 
and drum. 





Get full details by writing .. . 


BRAKE HEADQUARTERS 
OF THE WORLD 


Bendix ‘iivisioxn’ South Bend, IND. 


Sond 


CORPORATION 





Remember . . . the Bendix signature is your guarantee of quality. 
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When your application places extreme demands on 
rubber components you can rely on Silicone parts 
from Minnesota Rubber to meet them. Minnesota 
Rubber fabricates silicone parts with its exclusive 
Injection molding process so you can be sure of 
complete uniformity and consequently top perform 


ance. Injection molding also means the closer toler 


ances needed in today’s critical applications 


FOR MORE INFORMATION AND A 
OPY OF THE Simic 


HANDB x 


NE RUBBER 





ol! WRITE ObPARTMENT £18 + 3630 WOODDALE AVENUE 
wt MINNEAPOLIS 16, MINNESOTA 
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High heat waint ogee ? 


\\se Heat-Rein HAN 


yp to W100". 40 COIS Fein mess 


Are you working out a 
problem with a surface 
that’s “‘too hot to paint’’? 

Heat-Rem H-170 may 
be the answer. 

Available in 18 high heat resisting shades, 
it permits color coding or complete finishing 
of metal components subjected to temper- 
atures from 600° to as high as 1700° (depend- 
ing on color used). Typical applications are 
jet missile tubes, rocket motors, pressure 
furnaces, condensors, etc. 

Heat-Rem H-170 virtually fuses with hot 
metal surfaces . . . forms a bright finish 
that’s resistant to moisture, mild acids, 
alkalis and industrial fumes. Write for full 
details, requesting bulletin L-9240. = a-coua 














Cleveland 9, Ohio 
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Is one of 
these 
Drive 
Problems 
YOURS 


You need 
GLEASO 
TORMAG . 


Magnetic DRIVES 


Here’s dependable drive protection that can save 
you money. The new GLEASON-TORMAG Mag- 
netic Drive on your equipment provides 
frictionless, shockless drive, dependable controlled 
torque, high slip or continuous stall operation, 
smoother cushioned starts, . .. a combination 
of advantages achieved in no other type of drive. 

Uniquely simple in design and construction, 
operating through eddy currents developed by 
permanent magnets, GLEASON-TORMAG Drive 
delivers high efficiency at rated horsepower under 
full operating loads. No power 
loss in fluids, or particles or in _ 
mechanical friction. Can be used 
as an “in line’ or ‘“‘take off’’ 
drive with flexible couplings, chains, 
sprockets, belts. Standard sizes 
range from 1 to 10 H.P., at 1750 
RPM. Also Custom-engineered in 
fractional, and up to 30 H.P. 
Write on Company Letterhead for 
new catalog No. TP260. 


TORMAG DIVISION 
GLEASON REEL CORP. 
742.N. Plankinton Ave., Milw. 3, Wis. 
Representatives in Principal Cities 
in U.S. and Canada, 
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MORE QUALITY ENGINEERED 
FEATURES IN sTEPHENS-ADAMSON 


CARRIERS 











Series #700 Carrier 4 y 


ADVANTAGES 


Series # 200 Carriers 
@ Spun-end roller assemblies and parts 
interchangeable for quick installation. 
35° and 45° Deep @ One-Piece, all-steel, welded frame 

Trough Carriers construction. 

@ Positive lubrication... pre-lubricated 
at factory . . . provisions for tield 
lubrication. 

@ Roller brackets tilt two degrees in 
direction of travel for greater belt 
training effect. 

Pneumatic “Impact” @ Die-cast labyrinth bearing seals keep 

Carriers grease in . . . dust and dirt out. 


WRITE FOR BULLETIN 355 


STANDARD PRODUCTS DIVISION 
aon §=STEPHENS-ADAMSON MFG. CO. 
REESE 18 RIDGEWAY AVENUE © AURORA, ILLINOIS 


yyy PLANTS LOCATED IN: LOS ANGELES, CALIFORNIA 
— CLARKSDALE, MISSISSIPP] © BELLEVILLE, ONTARIO 
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| SPRUDW ALE” PASSENGER CONVEYOR 
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MB GMO on caracoe ne 59 


9900 FREELAND AVE., DETROIT, MICH. with Metel Tube 
Phone TE 4-7700 Fabrication Data 
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The Most Compact Solenoid 
Valve in the Fluid 
Power Control Field... 


VERSA SERIES “A” 








Manifold Model 
with sub-plate 


Versa’s new four-way solenoid valves measure 
only 54%” high by 154” diameter, yet have a full 
3/16” diameter flow area. Completely corrosion- 
resistant and simple to install, Versa Series “A” 
solenoid valves are available in over 100 different 
variations. Triple pressure and functionally tested 
under water for guaranteed leakproofness. 


WERGA wn 

your free copy of 

Bulletin #1259 

VERSA PRODUCTS COMPANY INC. 
150 M COOLIDGE AVENUE 
ENGLEWOOD, NEW JERSEY 
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FIRST AND 
FOREMOST 








Measures tensile, compression, 
torque or weight with an accuracy 
of 2% plus or minus full range. 
Calibrated directly in pounds. 15 
different capacities from as low 
as 0-500 Ibs. up to as high as 
0-200,000 Ibs. Equipped with 
maximum pointer, shackles and 
pins, safety glass crystal. 5” 
or 10” diameter dials optional. 
Overload protected. Extremely 
rugged. Priced LOW to meet 
average shop budget. 


DILLON DYNAMOMETER 


Design Manual 


Published specifically 

for engineers, for- 
men, supervisors, etc., 
Dillon Dynamometer 
Design Manual illus- 
trates and thoroughly 
describes almost 100 
typical installations of 
traction Dynamometers 
in all types of eae 
tries. Measures 81/.” 
11”. Stiff covers. All 
illustrations full size. A 
must for any engineering 
library. Cost over $5.00 per copy to pro- 
duce. Will be sent FREE to those writing 
for the Dillon Dynamometer story. A copy 
of Dillon's instrument catalog describing 
testing machines, thermometers, scales, etc. aoe) 
will be included. — 0-28 


W. C. Dillon & CO. INC. 


14564 Keswick St., Van Nuys 11, Calif. 
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WORLD’S MOST ACCURATE 
AIR-PRESSURE 
REGULATOR 


* Holds pressure to 1/5 of 1/10 
of 1% of its range over sub- 
stantial variations in supply 
pressure, flow, and ambient tem- 
perature, Resolution: 1 part in 
10,000 of range. 


No exhaust-valve “pick-up” or 
initial drop-off on dead-end ser- 
vice. No drift with time or 
periodic shutdown. 
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Designed for rugged service and mini i e. 


* 50,000 user-tested for 6 years. Accepted as primary 
standard of reference. 

You can prove it! This new air pressure regulator is the 

world’s most accurate and reliable device for precise 

contre| of air or gas pressure. Yet it costs no more than 

other pilot-operated regulators. 

Key to its unequalled accuracy and instant response is 

its patented high-gain servo design, which uses regulated 

rather than supply pressure, and its stainless steel pres- 

sure capsule 

Available in 2-25, 3-60, or 3-120 psi ranges for 4%”, 4”, 

or %” NPT pipe at 15 U.S. stocking points. Standard 

trade and quantity discounts. Write now for data sheet 

and prices. 

Some territories are still open for qualified technical 

sales representatives. 


Lexingtont Controls 


: INCORPORATED® 
¥ P. ©. BOX 132-B, BURLINGTON, MASS. 
: PROTECTED BY U.S. AND FOREIGN PATENTS AND PATENTS PENDING 
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ach SHEAVES 


UM 8 Speeds on 


Sd 4 
SELECTOR 


VA ae 


Variety of Machines 













“— 
Mowers and 
Tractors 





Eavipment 





Machine Tools Moterials Handling 


Wide Speed Range! Low Cost Sheaves 


Speed Selector Sheaves can 
give your machines or equip- CATALOG§ 
ment extra wide-range speed FREE! 
control on fixed centers. Effi- WRITE 
cient, rugged, simple to use — 

low in cost! Write for Illustrated cospunens: 
Bulletin. 


SPEED SELECTOR INC. 
P.O. BOX 312-B © CHAGRIN FALLS, OHIO 
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HYDRAULIC 
SERVO 
FUNDAMENTALS 


by J. M. Nightingale 





VOL. 1 


Covers both the theoretical and practical 
aspects of servo system design applicable 
to control systems in general—hydraulic, 
pneumatic or combined systems. 


$1.00 per copy 


VOL. 2 


Study of the basic servo system compo- 
nents.and practical methods for analyzing 
typical servo systems. 


$1.00 per copy 


VOL. 3 


A detailed approach to methods of im- 
proving servo system performance, quanti- 
tative design of servo systems and tran- 
sient response of servo systems. 


$1.00 per copy 


MACHINE DESIGN 


Reader Service 
Penton Building 
Cleveland 13, Ohio 


Send me_______copies of Vol. | @ $1.00 per copy 
Send me_______copies of Vol. I| @ $1.00 per copy 
Send me________copies of Vol. II1 @ $1.00 per copy 


Remittance or Company Purchase 
Order must be enclosed with order 


NAME _ —_— 





COMPANY ........... 





ADDRESS _ 





CITY ZONE a 
(Add 3% to orders in Ohio to cover State Sales Tax) 
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ROD END INTERNAL 
THREAD TYPE 
“DREF” SERIES 


Self-Aligning 
and 


Self-Lubricating 
SPHERICAL BEARINGS 







ROD END EXTERNAL 
THREAD TYPE 
“DREM” SERIES 













id " 
Combine Monoball: Engineering Advantages with Life-Time Lubrication 


Design engineers in many industries are specifying new “DYFLON’® SELF-ALIGNING and SELF-LUBRICATING SPHERICAL BEARINGS 


for these 5 major reasons: 


1, LOWER COEFFICIENT OF FRICTION 
.. ideal where lubrication is impossible or undesirable. 


2. WITHSTAND EXTREME VIBRATION 


.. perfect performance under shock load conditions. 


3. WILL NOT “COLD-FLOW” 


..even under extreme load conditions. 


4. IMPERVIOUS TO KNOWN CHEMICAL SOLVENTS 


..eliminates corrosion problems. 


5. FAIL-SAFE ...due to “ Monoball’® design. 


Request Engineering manual No. 551. 


SOUTHWEST PRODUCTS CO. 


In addition, due to their two-piece ““MONOBALL’’® 
design and plastic alloy insert, ““DYFLON’® bear- 
ings have a long cycle life. Alignment and installa- 
tion problems are minimized. Oil-free for life 
means lowest possible maintenance costs. 

Available in a variety of plain or rod end types. 
Bore sizes to 3.000”. Materials include stainless 
steel, plastic alloys and chrome alloy steels. Ulti- 
mate static loads to 500,000 Ibs. 


1705 SO. MOUNTAIN AVE. 


MONROVIA, CALIF. - PHONE: MURRAY 1-9616 
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BENDIX ELECTRIC FUEL PUMP 


CONSTRUCTION EQUIPMENT - TRACTORS - BUSES 
SHOP TRUCKS - CARS - TRUCKS - EARTH MOVERS 
FIRE ENGINES - BOATS - TANKS - PLANES - HEATERS 
AGRICULTURAL EQUIPMENT - GENERATOR SETS 


° 





Bendix* Electric Fuel Pumps deliver outstanding, 
dependable performance—proved in temperatures 
from —76° to + 114°. Easily installed and serviced. 
3uilt-in pressure release. Delivers more gallons 
per hour. Positively prevents vapor lock. Write 
for descriptive folder and specifications. 


*REG. U.S. PAT. OFF. 


Bendix-Elmira 


Eclipse Machine Division 
Elmira, New York 
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= AUTOMATION 
' TIME DELAY 
SWITCH 


FOR CONTROLLED TIME 
DWELL OF AIR OR 
HYDRAULIC CYLINDERS 


* Holds dwell accurately to 
fraction of seco 

* Automatically re-sets 

* Designed for millions of 

actuations 












Pneu-Trol Time Delay 
Switch will hold any cylinder 
controlled motion or opera- 
tion at a positive stop on 








TaN wom 
SWITCH re, | Gace 
PANEL AS) | 1 
hs 
Ce > “a 


Han SwTen / = ae 


| FOneR  PRessune 
AWAY SOLENOID Vaive |_J"ORER, Pueseune 





Arbor press converted to high 
production power press, using 
double end cylinder, Time 
Delay Switch, Flow Control 
Valves, and related equip- 
ment, Flow Valves permit 
independent ram speed ad- 
justment in both directions. 
Differential pressure between 
“A” and “BY gages caused 
by throttling effect of Flow 
Control Valve creates time 
interval in working pressure 
build-up, which is compen- 
sated for by Time Delay 
Switch setting. This insures 
consistently accurate working 
Pressure on the ram 








either end of the stroke for 
Y% to 60 seconds in 20 to 1 
ratios. Simple, easy to adjust. 
Automatically re-sets after 
each actuation. Positive, con- 
trolled time dwell permits 
wider use of air or hydraulic 
power in automatic opera- 
tions, increases accuracy of 
work by insuring split-second 
accuracy of time dwell. 
Available with many thrust 
linkages for left and right, 
down, up, or horizontal 
thrust. Write for Special 
Bulletin TDS-59 


2925 GRANT STREET 


mL 


|IBELLWOOD (Chicago Suburb 
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Now! 


complete 
data on 





MAYLINE 

















Keep Your 
Drawings 
Flat and Clean 


WOOD PLAN FILE 


Mayline metal plan files have hinged dust covers that 
stay in upright position when drawings are being re- 
moved or inserted in drawer — leaves both hands free. 









































4’ Drawers operate freely on muted ball bearing rollers. : 
MINIATURE AGASTAT® 5 , : 
< For space saving economy Mayline plan files can be Z 
. /d | | 7 attached td the 4-Post or the May-O-Matic tables. Metal 
time e ay/re ays and wood plan files described in folder S-20. Your local 
Ame dealer has this information for you. 
[his free folder contains complete specs on 24 models of 
the miniature AGASTAT Time Delay Relay for missile, 
aircraft, computer, electronic and industrial applications. 
They're small as 1-13/16” x 4-7/16” x 114”, with adjust- 
able timing ranges starting at .030 and as high as 120 
scounds. , MAYLINE €0., INC. 
The folder gives operating and environmental specs, 601 No. Commerce St. 
coil data, contact capacities, dimensions, diagrams of con- Sheboygan, Wisconsin 
tact and wiring arrangements. Write: Dept. A-33-828. 
AGASTAT TIMING INSTRUMENTS 
ELASTIC STOP NUT CORPORATION OF AMERICA METAL PLAN FILE 
1027 NEWARK AVENUE, ELIZABETH 3, NEW JERSEY MAYLINE 
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5 OFFERS TWO TECHNICAL REPRINTS 
= 
= 
_ An Engineering Approach To PATENT FUNDAMENTALS 
A basic guide to what the company and engineer should 
HYDRAULIC LINES know about handling ideas, inventions and patents. 
Sixteen pages explaining, in layman’s language— 
| \ design engineer's handbook covering the selection and p 
application of hydraulic conductors. = Patentable Inventions 
@ Company Approach 
® Fundamentals of Line Flow ® The Patent Application 
oe ee @ Patent Interference 
® Determining Line Size © Liao 
® Selecting Hydraulic Tubing e File-Wrapper Estoppel 
® Selecting Hydraulic Pipe ¢ Outside Inventors 
: : © Design Patents 
® Selecting Hydraulic Hose © Copyrights 
® Selecting Hydraulic Connections @ Trademarks 
e Service Marks 
$1.00 a copy Single copies FREE, $1.00 for 10 
G0 0 9 OS 99899 9S SHS SS SS OS OSES 2 S2SSSGSSGSHESE EEE SF O48 2298462288046 282880868024 88 208082020 SROS SSOP ere ST ror 1 
‘ t 
. MACHINE DESIGN Remittance or Company Purchase Order must be enclosed with order. : 
' Penton Building ‘ 
: Cleveland 13, Ohio NAME — ; 
Please send me____copies COMPANY : 
of “Hydraulic Lines. ' ADORESS 
‘ Please send me____ copies } 
: of “Patent Fundamentals.” CITY —_______ ZONE STATE : 
; Add 3% to orders for delivery in Ohio to cover State Sales Tax) ; 
Ose ee ee & OSS ES SO OSES OSS SSS SSH SSSSESESES SSSHS © STSSCSSHSSSSHSSSSSSSSBSHMAFZFGFAeAeG@eAaeanaaoaneaaaer ‘ 
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ROBOT-EYE 


PHOTO-ELECTRIC 
CONTROLS 





Transistorized and Tube MINIATURIZED 
AMPLIFIERS Small, for “tight-spot” installation, 


yet rugged for long service. Accurate, 
for precise automatic control in 
virtually any industry. 


INTER-CONNECTING 
Plug-in terminals available for quick 
connection to any of a wide range 

of Amplifiers. This design enables you 
to select the most economical 
amplifier for your job requirements. 


receptacles INEXPENSIVE 





Plug-in relays, 


for plug-in connection of @ Standard Set P-5 is $17. Set P-5S is $21. 


lamps and cells. Additional ifi 
Plugin accessories include j Amplifiers start at $39.50. For 





counters and time delays. jj complete data, write for Brochure mp-8. 


standar INSTRUMENT CORPORATION 
657 BROADWAY, NEW YORK 12, N.Y. 
STANDARD INSTRUMENTS (CANADA) LTD. 


in Canada: 567 warden Ave.., Yor Ta ele] geltl-4; mm helcelal COMM @late-lale! 
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to your specifications 


in stock 


* Industrial a in ~ tare new 
Synthetic Fiber Felts — all weights _ 
widths, colors, etc. — and made to AL. p= 
and Federal Gov't. Specifications . .. 

available die-cut to your requirements. 
Large diversified inventory 
insures prompt delivery! 


tree See how FELT fits in with 


your products. Write for Booklet E-2 
which contains samples and 
applications of Industrial Felt. 


CONTINENTAL E Eels COMPANY 


TREET 
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SEND FOR YOUR FREE COPY! 


TA’s new Manual 210G gives you 94 pages of prints, 
tables, illustrations, specs and installation tips. 


Save money for your company. Conserve your valuable time. 
Don’t design clamps when TA offers you 40,000 of them to choose 
from at off-the-shelf prices! 

This free manual shows all sizes and styles of loop clamps, 
bonding clamps, multiple clamps, center clamps, wire harness 
clamps, wave-guide clamps—plus blocks, brackets, busbars, line 
supports, and related items. 

Sizes from 4%” to 6” diameter in 16ths for bolt mountings from 
#4 to ¥%”. Available in aluminum, steel, and stainless. All manner 
of high and low temperature insulation materials. 


, Put this free manual to work for you! Write TA today. 






TR Mfg. Corp. 4607 Alger Street 
Los Angeles 39, Calif. (or call CH 5-3748) 
TWX 9863 Glendale, Calif. - WUX CAT Los Angeles, Calif. 
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Looking for new solutions to heavy-duty power problems? 
This new brochure has full information on heavy-duty 
transmissions with input torque capacities of 150 to 
2500 ft-lb. Included is “idea material” describing: 
Standard transmissions customized to each application 
Wide variety of “engineered-to-order” transmissions 
Specifications (capacities, speeds, gear ratios) for 
heavy-duty applications 

Examples of single-speed, multiple-speed and right 
angle drive transmissions 


Send coupon for your free copy... or see our Catalog 
in Sweet's Product Design File today! 

Cotta Transmission Co., 2340 - Iith Street, Rockford, Illinois 

Please send my copy of ‘Cotta Heavy-Duty Transmissions" to 








Name___ s » : ee Ae 
Company. a hes 
Address__ Tk i eal Mh 7 Peon 
City__ Zone__ State = A 
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CAREER 
OPPORTUNITIES 


WITH 


AUSCH & LOMB 


SENIOR MECHANICAL ENGINEERS for commer- 
cial product design involving mechanism and 
kinematics. Four to ten years of experience 
required to fill positions created by an ex- 





Contains Complete details on grooved pins and studs 


YOURS FOR THE ASKING! 
Standard DRIV-LOK Pins 





Write for your copy of the 


DRIV-LOK catalog today. Con- 4 —-——— J (-—=_‘~» panding line of products. Plant visit and mov- 
tains factual data in concise, . am ing expenses are company paid. For further 
easy to use form. Illustrated 4g (————j | (/——_}_ information send résumé to: E. Faro, Tech- 


with typical applications that nical Placement Director, Bausch & Lomb, 
635 St. Paul Street, 


UG RRRON ETE ochester 2, N. Y. 


SS 


problem for you. Sent without c £ 


may help solve a fastening B 








obligation, of course. 


DRIV- LOK SALES CORPORATION 


715 Park Avenue @ Sycamore, Illinois 
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ENGINEERS 


AVAILABLE OR WANTED 











LIE, 


WYATT IK 


LIQUID LEVEL CONTROLS 











AVAILABLE: Mechanical Engineer with supervisory experi- 
ence in development and design of special machinery, auto- 
mation, mechanisms, hydraulics, stress and in production. 
Advanced degree. Looking for responsible position requiring 
drive and initiative. Address Box 974, MACHINE DESIGN, 
Penton Bldg., Cleveland 13, Ohio. 

No moving parts in the 
liquid @ Easy to install AVAILABLE: Engineer specializing in automation work 
neces- 














@ No adjustments 
sary @ Unaffected by acids 
or caustics @ Unaffected by 
pressure or temperature e 
Standard 2&3 pole units 
listed by U/L 


Write for 32-page 
Catalog which gives 
complete specifications 


Two pole control shown at left 


YOU CAN USE OUR CONTROLS FOR: 


@ Single & multiple pumps 
@ Motor & solenoid valves 
@ High & low cutoffs 

& alarms 


@ Sewage & waterworks 
@ Chemical Industries 

@ Food & Dairy Industries 
@ OEM applications 


Special controls to custom requirements 


CHARLES F. WARRICK CO. 
1964 W. Eleven Mile Road, Berkley, Michigan 


Dep't 7 


Telephone JOrdan 4-6667 
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where reduction of cost and increase of production are de- 
sired. Can consider improvement in the performance of 
mechanical equipment of almost any industry. Can exhibit 
ample literature on wide successful experiences in this field. 
When writing. if possible, please state briefly your plans or 
mechanical problems. Address to: Box 975, MACHINE DESIGN. 
Penton Bldg., Cleveland 13, Ohio. 


AVAILABLE: Design Engineer for board work. Offering you 
competence, ability and twenty years’ experience on design 
of product, power press dies, automatic and other machinery, 
production tools; quality draftsmanship; ingenuity and orig- 
inality on development of ideas. Temporary engagemenis 
or projects. Fee basis. Any location. Address: Boxholder, 202 
Back Bay Postal Annex, Boston, Massachusetts. 


WANTED: Electromechanical engineer to assume major re- 
sponsibility for design and development of special machin- 
ery of all types. Should have interest and at least three 
years’ background in mechanical design, electromechanical 
systems, and automatic control. Duties include concept, 
feasibility studies, design, experimental development, and 
prototype acceptance. Varied assignments in the professional 
atmosphere of a medium-sized industrial research center. 
Interview and moving expenses paid. Submit resume, or 
write for application, to Southern Research Institute, 2000 
Ninth Avenue South, Birmingham 5, Alabama. 


Macuine Desicn 

















Advertising Index 








Abbott Ball Co., The ......seeseeeceneees 184 
Accurate Bushing Co., Smith Searing Division 43 
Acme Chain Corporation ........eeceeees 191 
Allegheny Ludlum Steel Corporation ........ 214 
American Brake Shoe Co., Denison Engineering 

OIE noc cc cnewc tes ce cecsccccevescces 76 
American Chain & Cable Co., Inc., Automotive 

and Aircraft Division .........06-eeeees 165 
American Engineering Co., Division of United 

industrial Corporation ........6.66eeeees 78 
American Insulator Corporation ...........- 213 
American Metal Climax, Inc., Climax 

Molybdenum Co. Division ........+-+5+> 52 
American Sme!ting and Refining Co., 

Federated Metals Division ...........++- 167 
American Society for Metals ............-- 196 
American Welding & Mfg. Co., The ........ 50 
BE, Ti. cow ect e nt seseerionescveuncusee 16 
Automotive and Aircraft Division, American 

Chein & Cable Co., bme. ..cceccncsccee 165 
Rete Dame, Beh. oct recccesccncccccoses 207 


Babcock & Wilcox Co., The, Tubular Products 
DUE dcbocawoks ese s Maher Ga dutecnnets 5 


Baldwin-Lima-Hamilton, Standard Steel Works 


DY «ce cbeebbeseseeuas bel cre ue es 6s 57 
Barkedale Valves ..ccccccccccccccccescese 199 
es GO Ce iin 60S hires che se ee Ha, 210 
Beaver Precision Products, Inc. ......-+.0++ 186 
Bellofem Comporetlan ...ccccccscccccccces 178 
Bellows Co., The, Division of International 

Basic Economy Corporation ............ 100 
Bendix Corporation, The ...........eeeee05 203 
Bendix Corporation, The, Eclipse Machine 

DONE Wi dores cade bed Ctvsceceveratess 207 
Benton Harbor Engineering Works, Inc. .... 183 
Battghem Slee! Co. ccc ve ccccccccccccccnes 83 
Bodine Blecttic Co. wn. ccccccccccccccccces 1 
Boston Gear Works ....... Inside Back Cover 
Brewer Machine & Gear Co. ..........+- 203 
Bunting Brass & Bronze Co., The ........ 197 
Burndy, Omaton Division ............6++5 2 
Cambridge Wire Cloth Co., The ..... thbiesn. “ 
Corr Fastener Co Division of United-Carr 

Peebemer Geemeeetlem 2. ccicccccccssoncse 
Se Mg NS. Gc ca CR bs cic csocsote 156 
Chicago-Allis Mfg. Corporation ........... 31 
SS eee eee ee ye 198 
et. a > Sec cnsenccsneesanees 79 


Climax Molybdenum Co., A Division of 
American Metal Climax, Inc. ....... ne 


Continental Felt Co. 
Copperweld Stee! Co., Aristoloy Steel Division 11 
Coprerweld Steel Co., Ohio Seamless Tube 





RUUD Se arde ce sonctoceeeecitaes 187 
Colle Tronmlesinnd Gi. ise iedaccdicc Seoges 209 
ROeNee FH Geo ee cc cescccecesswoses 33 
Denison Engineering Division, American 

ne” EE Ce ecb besesvcevecan eee s 76 
Ollen, W. €., & Ge., Ores coccoccceces 205 
Driv-Lok Sales Corporation ..........+.0005 210 
Duff-Norton Co., Coffing Hoist Division .... 166 
Du Pont, E. I., de Nemours & Co., Inc. 67, 68, 93 
D TTR eee 160 
Eclipse Machine Division, The Bendix 

EN acd bu kaa ewe POshtnee%edeeb bine 207 
Elastic Stop Nut Corporation of America .. 208 
Electro Devices, Inc., Servospeed Division .. 184 
E:T cn ccdasencbaakas sqmeks tye 69 
Exaleo Manufacturing Co. ............055. 158 
ES eA rah sc babe Sowa biveabuta 205 


Fairbanks, Morse & Co., Magneto and Engine 
Aecessoriosn Divisten ..ccecccccsccccccces 173 





Fairchild Engine & Airpl Corporation, 
ED BEN ccwce sb vdioeencescoccccs 168 
ee Gee, - Sin Pid he's cFos bbLeicte% 195 


August 4, 1960 


Federated Metals Division, American Smelting 
end Refining Ge.  cccccscccccccccccccs 167 


Romwral, Bab... cc cccccccccvccccevesscoenes 94 
Formed Steel Tube Institute, Inc. .......... 29 
Ce a reer eet ree ree 44 
Gates Rubber Co., The .......0ececeeeees 54 
Gear Specialties, Inc. .... 2.2.0 ceceneees 72, 73 


General American Transportation Corporation, 
Parker-Kalon Division ..........50000005 
General Gas Light Co., Humphrey Products 
DEES devas bdndved cedeedaecuneteskeee 200 


General Industries Co., The ...........0008- 179 
Gleason Reel Corporation, Tormag Division .. 204 
Goodrich Chemical, B. F., Co., A Division of 
Pao Gi F. Geadkleh Ga. .ccccsccccvccess 70 
ES ED nc onc cawdestiowesdotetaue 180 
ee SE ~ nk oeciaccnetsscewieeees 38 
Cincom, Gets GA csc ccccsceescevcesteccs 160 


Humphrey Products Division, General Gas 





See GN. bdidis.s Kawiwuncoeks SxGaweeEee 200 
eee We Gs scons cn cpeintebasaweuseensa 102 
Hydro-Line Manufacturing Co. ............ 62 
Cndiucteled Faliewien, Gees ccc cciccocescses 39 
Internationol Basic Economy Corporation, 

Bellows-Valvair Divisions ............0555 100 
International Horvester Co. .........655000e 89 
International Nickel Co., Inc., The ...... 63 
Jeffrey Manufacturing Co., The ............ 75 
SRT ow 60 ek n be cecttbea the btewe 41 
Joh Componenten, TO ccccccescewwssay 203 
Kaydon Engineering Corporation, The ........ 21 
OEE, WHS os és cds inwisowdeade overs 42 
eee Oe ee (GR | ixectacdenkdens vas o a 
Keystone Steel & Wire Co. ...........2555. 37 
Cee Gg DR cc won cc cpensctenceerios 202 
Lewellen Manufacturing Co. ...........55% 15 
Rentuaten GCadivets Bie, + ss2 csivsencteiveas 206 


CREE Ge bow deine ress speassd tend deeabs 9 


Logansport Machine Co., Inc. ..........5. 51 
McQuay-Norris Manufacturing Co., Electric 

POE ND a oa baceeboactcarrenade 175 
Maclean-Fogg Lock Nut Co. ............5. 163 
Madison-Kipp Corporation .........65..005 58 
Ce tes GR iccciccwesdiadeescues 208 
Pewd Specialties Ce. ccccccccccccccccecce 71 
Micro Switch Division, Minneapolis Honeywell 

ONT GR. o.is voce tevestacsbseswnewe 46, 47 
Midvale-Heppenstall Co. ........... cee eeee 7 
Minneapolis Honeywell Regulator, Micro 

SO WEG GI Nvcewicceatcenesed 46, 47 
Se IN oo kidn Cas bes bé-crc canoes 204 
Modernair Corporation ............00eeeees 40 


Monsanto Chemical Co., Plastics Division ..64, 65 


Maliones Acme Cox; Whe «ccccocccccesvcces 53 
ee We Mie WE” vere guess webaateenws 168 
eee Cin Gils: sae deve coke Chedaweueee 82 


Ohio Seamless Tube Division of Copperweld 
BR  SPPPTTITTT TT TTT TTT ee eee 1 


Painut Co., The, Division of United-Carr 
Fastener Corporation .........0.0eceeeees 192 








|| DESIGN 


Penton Building, Cleveland 13, Ohio 
Main 1-8260 


BUSINESS STAFF 


ROBERT L. HARTFORD 
Publisher 


RICHARD A. TEMPLETON 
Director, Research & Promotion 


MARY L. CALLAHAN 
Advertising Service Manager 


BARBARA O‘LEARY 
Staff Assistant 


AMY LOMBARDO 
Circulation Manager 


ROBERT E. LESSING 
Production Manager 


District Offices 


Cote Weeks Wl a wdi ey Vencnsss 60 East 42nd St. 
RUSSELL H. SMITH, JAMES A. STANGARONE 
Murray Hill 2-2581 


Shusbury, COMM vcccsscnces 17 Deerfield Lane 
ALAN C. BUGBEE 
Oidfield 8-4764 


Dresher (Philadelphia), Pa. ....1335 Harris Rd. 
CHANDLER C. HENLEY 
Mitchell 6-2585 


Cleveland WP viicncccktanbevtis Penton Bidg. 
JACK W. WALTON, DON J. BILLINGS 
Main 11-8260 
Detroit 35 .......- 15800 West McNichols Rd. 


H. F. SMURTHWAITE 
Broaaway 3-8150 


UN eee 520 North Michigan Ave. 
HOWARD H. DREYER, ROBERT Z. CHEW 
DONALD A. IViNS, CHARLES F. REINER 

Whitehall 4-1234 


Los Angeles 36 ....... 5943 West Colgate Ave. 
F. J. FULLER 
Webster 1-6865 

Sem, Foanbiogtt } oc. ciacscecececans 57 Post St. 


Robert W. Walker Co. 
Sutter 1-5568 


Birminghom 9 .........++. 249 La Prado Place 
FRED J. ALLEN 
Tremont 1-8598 


Clearweter, Fits. ...ccccceces 1954 Jeffords Dr. 
H. G. ROWLAND 
(Clearwater) 31-4121 
elie GE... scan 818 Exchange Bank Bidg. 


JAMES H. CASH 
Fleetwood 1-4523 


London, S.W.1 ...... 2 Caxton St., Westminster 
Published by 
THE PENTON PUBLISHING COMPANY 
G. 0. HAYS .. iivesueawesa nee Chairman 
i Go SEE. <ibe canes canonene oan President 
F. G. STEINEBACH ....Vice Pres. and Secretary 
FSG, Se: bin wntondidedi deen Vice President 
D.. Fa GRE aa aledca Vice Pres. and Treasurer 
BD. GGA Saar cii ..Vice Pres.—Marketing 


Also Publisher of 
STEEL, FOUNDRY, NEW EQUIPMENT DIGEST, 
AUTOMATION 


MACHINE DESIGN is sent at no cost to man- 
agement, design and engineering personnel 
whose work involves design engineering of ma- 
chines, appliances, electrical and mechanical 
equipment, in U. and Canadian companies 
emp.oying 20 or more people. Copies are sent 
on the basis of one for each group of four or 
five readers. Consulting and industrial engi- 
neering firms, research institutions and U. S. 
government installations, performing design en- 
gineering of products are also eligible. 

Subscription in United States, possessions, and 
Canada for home-addressed copies and copies 
not qualified under above rules: One year, $10. 
Single copies $1.00. Other countries: One year, 
$25. Published every other Thursday by The 
Penton Publishing Co., Penton Bidg., Cleveland 
13, Ohio. Accepted as Controlled Circulation 
publication at Cleveland, Ohio. 


BPA OD 











2i1 








~ packtalk—— 


—A Wise Move 


Moving into a more desirable neighborhood 
on the editorial masthead, Clare Wise is now 
an associate editor. A member of that part of 
our staff which produces the Engineering News 
section, he joined Macuine DesiGn as an as- 
sistant editor in 1957. 

Clare was born in Michigan and educated 
at Hillsdale College and the University of 
Michigan. He received a B.S. degree, then 





studied electronics for two more years while 
serving in the Air Corps during World War II. 

Interested in writing while majoring in sci- 
ence, Clare wrote for his college newspaper. 
He handles many of our News feature articles 
and for several years has been responsible for 
the new-car roundup series. His wearing of the 
“automotive editor” hat even brought him the 
assignment of preparing this issue’s article on 
go-carts, which starts on Page 24. Incidentally, 
a nice picture of Clare’s left hand appears in 
this article, holding the cylinder head of an 
engine. Apparently the kart kraze has kept 
the people at Tecumseh so busy building en- 
gines that they didn’t have time to take some 
pictures we requested, so they shipped an en- 
gine to us so we could have pictures made. 

After a hard day in the News department, 
Clare likes to relax by building things in his 
basement. In fact, he built the basement—and 
the house attached to it. When there is time, 
he also likes to hunt, fish, and play golf. 


—Wonderful Year 1935 


Looking through the Engineering News pages 
of this issue and thinking about the rapid 
strides of Progress, we took to speculating on 
what made the news when Macuine Desicn 


was a young reporter. Hauling out an early 
bound volume and flipping through its pages, 
we noted the following items printed 25 years 
ago: 

Those designers who put a crimp in the ice delivery 
business as a future profession now have their guns 
out for the garbage man. Don’t be surprised to see 
an announcement soon of an electric garbage in- 
cinerator which perhaps will dispose of bottles, cans 
and whatnots in addition to garbage and leave you 
a small residue that you can spread on the geraniums. 
1960 incinerators still can’t take care of bottles 
and cans; however, they are good at geraniums 
and whatnots. 

The “big push” in the air conditioning industry is 
on. ... This type of equipment is expected to move 
into the volume field this year. 

How did people live in the dark days before 
air conditioning? 


From the August issue: 

Indications are that by September over eighty per 
cent of this year’s graduating class of Cornell Uni- 
versity will have found employment. By the middle 
of last June fifty per cent of the graduates already 
had been placed, the most encouraging record in four 
years. 


Obviously, the recruiters weren’t on their toes. 


Our favorite news item of 1935 came under 
the staid headline, “More Friendly Spirit Is 
Becoming Evident Toward High-Speed Ma- 
chines.” It begins: 

Still another cotton-picking machine finds its way 


to the front 


—fConferences and Confidences 


Delmar W. Karger, who has written a num- 
ber of articles for MacutneE Desicn on the sub- 
ject of new-product development, will direct 
an unusual government-sponsored seminar on 
this subject. Professor Karger is head of the 
department of management engineering at 
Rensselaer Polytechnic Institute. This fall, un- 
der his direction, 50 owners and presidents of 
small businesses will participate in a research, 
education, and consultation program dealing 
with problems which small manufacturers en- 
counter in developing and exploiting new prod- 
ucts. A grant for the projec: was obtained from 
the Small Business Administration. 

In order to judge the program’s effectiveness, 
attendees will present—in sealed envelopes— 
their companies’ new-product plans. A year 
after the conference, these envelopes will be 
opened and comparisons will be made. 


Macuine Desicn 
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in plastics 


by B. FRANK HANTZ, Vice President 


AMERICAN INSULATOR CORPORATION 
One of The Men Behind The Man From Aico 


“Aico’s enviable position in the field of molded plastics has been attained 
largely through customer satisfaction and service. Since 1916, Aico has 
been a major supplier of molded plastics to many of America’s pace- 
setting industries. Each molding job presented its own unique problems 
... problems which were successfully solved by the integrated facilities 
and coordinated skill of expert craftsmen within the Aico organization 
Perhaps the best proof of Aico’s efficient service .. . and satisfaction 
delivered ...is the record of new assignments we receive from cus- 


tomers we've served in the past.” 





MOLDED NYLON PUMP IMPELLERS 
ANOTHER NEW USE OF AICO PLASTICS 


These nylon pump impellers are typical 
examples of how better products result 
from the use of Aico Molded Plastics. 
Molded to extremely close tolerances, pro- 
viding precision accuracy without machin- 
ing, the nylon impellers reduce assembly 
costs while increasing pump efficiency. 
rheir light weight conserves driving energy. 
The chemical, corrosion and wear resistant 
qualities of the nylon material promises 
longer impeller life and less pump main- 
tenance. Aico Molded Plastics can give 
your products new, impelling sales advan- 
tages, too. Discuss them with Aico now. 







AICO’S Nook of 
Plastics Knowledge 





INSERTS . . . may be used in plastic parts 
as fasteners, to support loads, simplify 
handling or facilitate assembly. (They 
may serve functionol purposes or may 
be used purely for decoration.) Smooth 
rod inserts (see sample above) may be 
securely anchored by bending, splitting, 
notching, swaging or knurling. Other 
types of inserts are fully covered in 
Aico's booklet ‘Good Plastics Design ; 
Makes Cents."’ Coupon will bring your | 
FREE copy. { 

































































FREE 
Plastics 
Designer’s 
Handbook 


Shows how good design controls unit cost of 
molded plastics. Molded plastic parts with a 
low unit cost can be achieved only when the 
practical limitations of die-making are given 
full consideration when the part is being de- 
signed. Aico has prepared a Plastics De- 
signer’s Handbook that tells and illustrates 
how costly design errors can be avoided. A 
FREE copy is yours on request use cou- 


pon below 
plus the molding of Reinforced 


8 
j C Fiberglas. 


Anerican Insutator CorporariOn 
New Freedom, Pa. 


Please send me a FREE copy of Aico’s 
PLASTICS DESIGNER'S HANDBOOK. 
































A completely integrated plastics 
molding service with unmatched 
experience and coordinated 
facilities for Engineering, Mold 
Building, Compression, Transfer, 
Plunger, Injection and Cold 
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AL 
ANSWERS YOUR 
QUESTIONS 


Q. Where are vacuum melted alloys best suited? 
A. For exacting applications—including materials for 
rockets, missiles, and jet engines. And other places 
where expensive machined parts are involved. In 
highly stressed parts where failure is highly costly. 
Where increased reliability is vital. 

Q. What are the advantages of A-L vacuum melted 
alloys? 

A. You get parts with optimum quality for critical 
applications—higher mechanical properties, better 
fatigue strength, improved toughness, and better 
transverse ductility. You also get maximum insur- 
ance against internal defects through improved clean- 
liness and decreased gas content. And hot and cold 
workability are improved, the material is more homo- 
geneous, and properties are better. 


@. How are these metals made? 


A. A-L uses all three of the vacuum melting proc- 
esses. Consumable electrode vacuum arc remelting is 
used to produce A-L Consutrode® steels and alloys 
in ingots up to 20,000 pounds in weight. Induction 
vacuum melting is used to produce 2,000 pound 
heats of Allegheny Ludlum Invac materials. And re- 
melting Invac electrode stock by the consumable 
electrode process produces A-L Invacutrode steels 
and alloys that have the best possible combination of 


ALLEGHENY LUDLUM 


PIONEERING on the Horizons of Steel 
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VACUUM MELTED 
STEELS ano ALLOYS 










ON 






chemistry control, cleanliness, and homogeneity. 


Q. Specifically, what metals are available in A-L’s 
premium quality melting? 

A. Most of the steels and special alloys—low alloy 
steels, bearing steels, stainless steels, tool and die 
steels, and high temperature steels and alloys. 


Q. In what forms are these A-L special steels avail- 
able? 

A. In all commercial mill forms—plates, sheet, strip, 
billet, bar, wire, tubes, and even extrusions. 


Q. How do these vacuum melted alloys compare in 
cost with ordinary alloys? 

A. Naturally vacuum melting costs more. Consu- 
trode alloys are the least expensive, followed by Invac 
alloys and Invacutrode alloys. Their use is economi- 
cally justified by the improvement of quality in the 
finished part, the quality required by the severity of 
the manufacturing process involved, and the increase 
in the yield of sound parts. 


Q. Where can I get more information? 


A. Ask your A-L representative for your copy of 
“Modern Melting at Allegheny Ludlum.” It gives 
technical data on the new melting techniques 
and quality improvements in materials. Or write: 
Allegheny Ludlum Steel Corporation, Oliver Bldg., 
Pittsburgh 22, Pennsylvania. Address Dept. MD-8. 
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For all types 
of bearing products 


BOST-BRONZ® 
Oil-impregnated Bearings 
BEAR-N-BRONZ 
Solid Bronze Bearings 


BALL BEARINGS 
Sheaves Wheels 


PILLOW BLOCKS 
FLANGED CARTRIDGES 


your best buy 
is nearby 











Now — 649 standard sizes in 


BOST-BRONZ is BOSTON Gear’s 
improved, all-purpose, porous bronze 
bearing metal. Oil-impregnated, it main- 
tains a constant uniform film of lubrica- 
tion over the entire bearing surface. You 
get BOST-BRONZ bearings FROM 
STOCK, ready to install. 

YOU SAVE the time and expense of 
reaming to fit, and of machining oil 
grooves and oil holes. You end “too 


CALL YOUR | 
NEARBY |) Sem & Gul 
DISTRIBUTOR 


™ STANDAROIZATION PAYS = 
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little or too much” oiling by careless 
operators, and avoid oil drip and contam- 
ination or damage of food, textiles, etc. 

The BOSTON Gear Catalog lists 
BOST-BRONZ plain, flanged, and thrust 
bearings, cored and solid bars, and plate 
stock in 649 standard stock sizes. Ask 
your BOSTON Gear Distributor for com- 
plete information. Boston Gear Works, 


64 Hayward St., Quincy 71, Mass. 


Adv. copyright by Boston Gear Works 
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~1850° 


_ 1650° 


~ 1500" 


Graph-Air 


eo Steel reduces 
distortion © 


t 


_..air hardens as much as 400° 


or=)eh an aalessiamehaalsy a 


_air-hardening tool steels! 


You can simplify heat controls and reduce distortion 
in your heat-treated parts. Graph-Air® hardens at 
1450°F.—as much as 400° below temperatures required 
for other air-hardening tool steels. And these lower 
temperatures also cut scaling and decarburization. 


Graph-Air machines easier too, because of the free 
graphite in its structure. And because it contains dia- 
mond hard carbides throughout, it lasts and lasts— 
as much as three times as long as other tool steels. 
What's more, with its built-in stability, Graph-Air 
holds its accuracy better. It’s one of the family of 
Timken graphitic tool steels, the most stable made. 

If you're making intricate sections, you'll appreciate 
the reduced distortion of Graph-Air. It’s ideal for 
blanking dies that must take a lot of punishment. 


When you buy Timken steel you get... 1) Quality that’s 
uniform from heat to heat, bar to bar, order to order. 
2) Service from the experts in specialty steels. 3) Over 40 


years experience in solving tough steel problems. 


For high quality tool steel that air hardens at lowest 
temperature, be sure to specify Timken Graph-Air 
steel. Available in solid and hollow bar sizes. The 
Timken Roller Bearing Company, Steel and Tube 
Division, Canton 
6, Ohio. Cable: 

“TIMROSCO”. 

Makers of Ta- 

pered Roller Bear- : 
ings, Fine Alloy Fine ob ok Bo 
Steel and Remov- All > ey 

able Rock Bits. Oy 1B a : 


TIMKEN GRAPHITIC STEELS ARE AVAILABLE FROM STEEL SERVICE CENTERS IN 40 CITIES IN THE UNITED STATES AND CANADA 
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